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INTRODUCTION. 


There  are  few  orders  of  reptiles,  so  long  and  so  widely  known  as 
are  the  plesiosaiirs,  of  which  our  knowledge  is  more  unsatisfactory. 
It  has  been  within  the  past  decade  only  that  a  tolerably  complete 
knowledge  of  any  form  has  been  obtained,  thanks  largely  to  the 
researches  of  Seeley,  Dames  and  Andrews.  Especially  is  our  ignor- 
ance of  the  American  forms  yet  great.  Very  few  figures  or  adequate 
descriptions  have  been  published  of  our  numerous  and  diverse  types. 
Not  only  are  the  specific  characters  of  the  descriptions  almost  wholly 
undecipherable,  but  the  generic  characters  even  can  be  satisfactorily 
made  out  in  but  few.  Thirty-two  species  and  fifteen  genera  have 
been  described  from  the  United  States,  and  in  not  a  single  one  of 
them  has  there  been  even  a  considerable  part  of  the  skeleton  made 
known.  The  skull  is  known  in  but  three  species,  and  in  only  one  has 
there  been  any  description  of  it.  With  the  exception  of  a  sketch  of 
the  incomplete  girdles  of  Elasmosaunis  platyunis^  and  of  a  few  limb 
bones  by  Leidy,  with  an  outline  figure  of  a  Me^alneusaurus  paddle  by 
Knight,  nothing  of  the  extremities  has  been  published.  And  yet, 
specimens  of  plesiosaurs  are  not  at  all  rare  in  American  deposits  and 
collections. 

Although  most  of  the  genera  and  species  of  the  United  States 
have  been  founded  on  such  scant  material,  and  even  more  scanty 
descriptions,  that  their  identification  is  almost  impossible,  except  by 
actual  comparison  of  the  type  specimens,  it  is  not  at  all  improbable 
that  nearly  all  the  names  which  have  been  proposed  will  eventually 
be  found  valid.  The  group  has  a  wide  geological  range,  from  the 
Jurassic  to  the  uppermost  Cretaceous,  nearly  every  epoch  being  repre- 
sented by  one  or  more  species. 

The  writer  has  for  some  time  given  such  attention  as  his  duties 
permitted  to  the  study  of  the  American  plesiosaurs,  in  the  hopes 
eventually  of  clearing  up  much  of  the  confusion  now  existing  con- 
cerning these  animals,  and  the  present  paper  was  intended  to  be  pub- 
lished as  a  portion  of  this  monographic  study.  As,  however,  the 
publication  of  so  extensive  a  paper  must  be  deferred  for  some  time, 
he  has  thought  best  to  publish  that  portion  now  prepared  in  advance 
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of  a  more  final  review  of  the  subject.  The  present  paper  contains 
detailed  descripldjlns  of  DoHchorhynchops  osbonii  Williston  and  Brach- 
aiichcnius  ///r<m  Williston;  a  revised  description  of  Cimoliasaitnis 
stiowii  Williston,  together  with  certain  descriptions  of  and  remarks 
upon  such  other  forms  from  the  Kansas  Cretaceous  as  bear  more 
or  less  directly  upon  the  principal  species  here  discussed.  As 
will  be  seen  from  the  list  given  below,  no  less  than  nine  distinct 
species  of  plesiosaurs  have  been  described  from  the  Kansas  Cretaceous, 
all  of  which,  except  one  or  two,  are  autoptically  more  or  less  known 
to  the  writer,  together  with  nearly  as  many  more  hitherto  undescribed. 
The  true  generic  determination  of  the  most  of  these  species  is  impos- 
sible at  present.  So  little  is  known  of  the  real  generic  characters,  not 
only  of  the  American  but  also  of  the  European  plesiosaurs,  that, 
unless  specimens  are  very  complete,  it  is  impossible  to  correctly 
assign  them.  Furthermore,  there  is  in  many  respects  such  wide 
diversity  between  the  different  forms  now  known  that  almost  every 
species  seems  rightfully  to  belong  in  a  different  genus.  On  the  other 
hand,  in  our  present  ignorance  of  their  value,  generic  differences  can 
rarely  be  recognized  unless  one  has  a  considerable  portion  of  the  skel- 
eton.     Generic  determination  is,  therefore,  for  the  most  part,  at  the 

• 

present  time  simply  guess-work.  In  the  present  paper  I  have,  for 
convenience  sake,  given  names  to  some  of  these  new  forms,  but  the 
generic  names  are  always  provisional,  and  the  specific  names  also 
in  some  cases.  Cimoliasaurus  siiowii  1  do  not  believe  is  congeneric  with 
the  type  species  of  the  genus:  it  belongs  as  well  in  several  other 
genera  proposed  by  American  writers.  I  do  not  see,  however,  much 
use  in  giving  new  generic  names  to  every  form  until  some  raison  (f  etrc 
can  be  discovered  for  them.  I  have  departed  from  this  conviction  in 
proposing  two  new  generic  names  for  species  herewith  described, 
largely  because  the  specimens  upon  which  the  names  are  based  are 
more  than  usually  complete,  and  because  there  seems  to  be  positive 
characters  to  sustain  the  names. 

The  full   description  and  illustration  of  DolichorJiytnhops  osborni 
will,  I  trust,  aid  in  the  solution   of  many  of   these   generic  problems; 
they  will  at  least  furnish  a  m^ans  of  comparison  for  other  forms  known 
already  or  to  be  discovered  in  the  future. 

A  second  part  of  this  work  is  to  follow  soon,  I  trust.  It  will 
contain  the  descriptions  and  illustrations  of  two  or  three  other  skulls, 
different  in  structure-  from  those  herewith  described  and  from  each 
other,  together  with  other  important  material. 

I  am  glad  to  express   my  thanks  to  Prof.  Dr.  E.  Fraas  for  kind 
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suggestions,  and  for  the  comnriunication  of  photographs;  and  to  Prof. 
H.  F.  Osborn  for  kind  favors. 


Seeley*  has  proposed  to  divide  the  plesiosaurs  into  two  chief 
groups,  the  Dicranopleura,  including  those  forms  with  double-headed 
ribs  in  the  cervical  region,  both  long-necked  (Dolichodeira)  and  short- 
necked  (Hrachydeira);  and  of  which  singularly  no  certain  representa- 
tives have  been  discovered  in  America;  and  the  Cercidopleura,  those 
with  single-headed  ribs,  also  including  both  long-necked  and  short- 
necked  types.  Cope  in  iSHyt  proposed  the  two  sub-families:  Poly- 
<otylitue  for  those  with  broad  epipodial  bones:  and  the  Plesiosauritue 
for  those  with  elongated  epipodial  bones,  of  which  there  are  no 
Certain  representatives  in  America.  But  objections  may  be  urged 
against  both  of  these  classifications.  Certain  forms  very  closely 
allied  to  Pliosaurus^  a  dicranopleuran,  have  single-headed  ribs  through- 
out. Polycotyliis  is  a  short-necked  type,  with  single-headed  cervical 
ribs,  and  it  seems  almost  certain  that  certain  long-necked  forms  that 
should  be  widely  separated  have  also  broad  epipodial  bones. 

Nevertheless,  I  feel  pretty  confident  that  the  final  classification  of 
the  Plesiosauria  will  include  three  or  four  distinct  families  and  twenty 
or  thirty  well-defined  genera.  There  is  scarcely  a  group  of  extinct 
reptiles,  unless  it  be  the  Dinosauria,  which  offers  more  divergent 
characters  than  do  the  plesiosaurs.  The  skull  may  be  long  and 
slender  or  short  and  broad;  the  teeth  irregular  in  size  and  large,  or 
small  and  nearly  uniform;  the  prefrontals  and  postorbitals  separated 
or  suturally  united;  the  parietals  with  a  high  thin  crest,  or  without 
such  a  crest;  the  palatines  widely  separated  or  broadly  contiguous; 
the  supra'occipitals  paired  orsingle(?).  The  neck  may  include  as  few 
as  thirteen  vertebrae  or  as  many  as  seventy-two,  the  vertebrae  all 
very  short  or  the  posterior  ones  elongated;  the  ribs  single  or  double- 
lieaded;  the  arches  anchylosed  to  the  centra  or  suturally  free  through- 
out life.  The  dorsal  vertebrae  may  be  no  longer  than  the  anterior  cervi- 
cals  or  much  elongated;  all  the  vertebrae  may  have  conspicuous 
vascular  foramina  below  or  be  without  them;  the  diapophyses  may 
be  much  elongated  and  situated  low  down,  or  shorter  and  situated 
high  up;  the  vertebral  spines  elongated  or  short.  In  the  pectoral 
girdle  there  may  be  a  long  epicoracoidal  process:  the  clavicles  and 
episternum   either  present  or  absent.      The  epipodial  bones  are  two 

♦Free.  Koyal  Soc.  Loud.  1892,  151. 
t  AnuTican  Naturalist.  1SS7.  564. 
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in  number  and  elongated,  or  three  or  four  and  broad.  The  ilium  may 
differ  in  its  mode  of  attachment  and  the  form  of  both  pubis  and  ischium 
may  differ  much. 

Certainly  among  all  these  characters,  and  probably  not  a  few 
others,  there  will  be  no  dearth  of  material  for  classification.  Unfor- 
tunately there  are  yet  many  forms  in  which  we  do  not  know  what 
relations  these  different  characters  bear  to  each  other,  and  until  we 
do,  any  classification  must  be  provisional.  I  believe  that  most 
herpetological  taxonomists  will  agree  with  me  that  the  differences 
between  Doliclwrhynchops  and  Brachaucfunius  are  more  than  generic  in 
value,  and  1  doubt  not  that  differences  of  equal  value  will  be  discov- 
ered in  yet  other  species  when  we  shall  know  more  about  them  than 
we  do  at  present. 

The  origin  of  the  Plesiosauria  I  will  discuss  in  a  later  paper. 
For  the  present,  1  may  say  that  1  believe  that  their  nearest  affinities 
among  all  reptiles,  recent  or  extinct,  are  with  the  Dicynodonts. 


CATALOGUE  AND  BIBLIOGRAPHY  OF  THE  NORTH  AMERICAN 

PLESIOSAURIA.  • 


PLESIOSAURUS. 
Conybeare,  Trans.  Geol.  Soc.  Lond.  v,  560,  1821. 

BREviFFMUR  Copc,  Cret.  Vertebr.  256,  1875. — Greensand  No.  5,  Nt'w 
Jersey. 

Cimoliasaurus  ma^nus  (Leidy)   Cope,    Ext.    Batrach.    1S69,    43, 

ff.  13-15- 

*GULO  Cope,  Proc.  Acad.  Nat.  Sci.  Phil.  1872,  228;  Cret.  Vert.  1875, 
256. — Fort  Pierre  Cretaceous,  Kansas  {crrore,  Niobrara). 

*mud(;ki  Cragin,  Fifth  Pub.  Colorado  Col.  Sci.  Soc.  69,  ff.  13. — 
Comanche  Cretaceous.  Kansas. 

*goi:li)II  Williston,  Kansas  Univ.  Quart,  vi,  57,  1897. — Comanche 
Cretaceous,  Kansas. 

sHiRLF.vENSis  Knight,  Amer.  Journ.  Sci.  1900,  p.  115. — Jurassic, 
Wyoming. 

All  of  the  foregoing  species  were  based   upon  fragmentary  mati- 
rial,  and  it  is  improbable  that  any  belong  in  the  genus  P/csii^saitn/s. 

CIMOLL\SAl)RUS. 
Leidy,  Proc.  Acad.  Nat.  Sci.  Phil.  1851,  325  (1852). 

MAONUs  Leidy,  1.  c. ;  ibid.  1854,  72,  pi.  ii,  ff.  4  6:  Cretac.  Kept.  1863^ 
25,  pi.  V,  ff.  13-19,  pi.  vi;  Cope,  Ext.  Batrachia,  etc.  1869, 
42-,  Lydekker,  Cat.  Fos.  Rept.  Brit.  Mus.  11,  211. — Creta- 
ceous No.  5,  New  Jersey. 

PLANiOR  Leidy,  Proc.  Acad.  Nat.  Sci.  Phil.  1870,  22.  —  Cretaceous, 
New  Jersey  (see  also  Discosditnts). 

*SNOWii  Williston,  Science,  xvi;  262;  Trans.  Kansas  Acad.  Sci.  xii, 
174,  1890;  Cope,  Proc.  Amer.  Phil.  Soc.  xxxiii,  109.— Nio- 
brara Cretaceous,  Kansas. 

LARAMiENSis  Knight,  Amer.  Jour.  Sci.  x,  117,  119. — Jurassic,  Wyo- 
ming. 
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This  genus  was  based  upon  vertebral  centra  alone,  from  the 
cervical,  dorsal  and  caudal  regions:  the  author,  however,  referred 
them  all  erroneously  to  the  dorsal  and  lumbar  regions.  The  type  is 
well  figured  in  Leidy's  work  on  Cretaceous  Reptiles,  plates  v  and  vi. 
The  vertebrae  have  infracentral  vascular  foramina.  The  ribs  are 
single-headed.  The  largest  centrum  measures  no  millimeters  in 
the  greatest  diameter.  This  genus  has  served  as  a  sort  of  waste 
basket  for  the  reception  of  fragments  and  poorly  known  forms.  C 
sno7i*ii  is  known  from  a  skull  and  long  neck.  It  can  scarcely  belong 
i n  C  ^imoliasaurus, 

DISCOSAURUS. 
Leidy,  Proc.  Acad.  Nat.  Sci.  Phil.  185 1,  326  (1852). 

I'l.ANioR  Leidy,  Proc.  Acad.  Nat.  Sci.  Phil.  1870,  20,  22;  Cope,  Cretac. 
Vert.  1875,  255  [Ciffio/iasaifn/s). — Cretaceous,  Mississippi. 

Disiosdifnts  rctusius  Leidy,  Cretac.  Reptilia,  23,  pi.  5,  ff.  10-12. 

vi:n  sTis  Leidy,  Cretac.  Reptilia,  22,  pi.   iv,  ff.    13-18,  pi.  v,  ff.  1-9; 
Proc.  Acad.  Nat.  Sci.  Phil.  185 1,  326:  Cope,  Ext.  Batrachia 
etc.   256;  Amer.   Journ.  Sci.  1870,    141;    Cretac.  Vert.    1875, 
255  (Cimoliasaitrus). — Cretaceous,  Alabama. 

This  genus  was  based  upon  the  mutilated  bodies  of  two  caudal 
vertebr.e  from  the  Cretaceous  of  Alabama.  Leidy  associated  with 
these  other  mutilated  vertebrae  from  the  Cretaceous  of  Mississippi, 
New  Jersc'v  and  Alabama.  Cope  suppressed  the  name,  as  of  a  genus 
insufticiently  differentiated  from  Cinioliasaitnt.^.  This  is  quite  true,  as 
it  is  also  true  of  several  of  Copes  own  genera  of  the  plesiosaurs.  It 
is  not  at  all  improbable,  however,  that  there  are  different  species,  and 
perhaps  different  genera  represented  by  the  specimens  Leidy  described 
and  figured. 

HRIMOSAURUS. 
Leidy,  Proc.  Acad.  Nat.  Sci.  Phil.  1S54,  73. 

<;k.\Ni)is  Leidy,  Proc.  Acad.  Nat.  Sci.  Phil.  1854,  73,  pi.  i,  If.  1-3; 
ibid.  1870,  10:  ibid.  1871,  22  {Disrosaitnts)',  Cope,  Ext. 
Hatrachia,  etc.  1869,  \^^^\{CnnoIiiisaifrits)\  Proc.  Host.  Soc. 
Nat.  Hist.  1869,  266  (/V/.);  Amer.  Journ.  Sci.  1S70,  269  (/r/.). 
Rep.  Geol.  Surv.  Terr.  1871,  400  (/V/.);  Cretac.  \'ert.  1H75, 
255  (/</.) — Cretaceous,  Arkansas. 

This  genus  and  species  were  founded  upon  more  or  less  imperfect 
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dorsal  vertebrae  from  the  Cretaceous,  probably  Benton,  of  Clark 
County,  Arkansas.  Cope  suppressed  the  generic  name  as  of  a  genus 
not  sufficiently  differentiated  from  Cimoliasaurus,  I  believe,  however, 
that  both  genus  and  species  are  valid;  and  that  the  former  will  include 
some  of  the  species  from  Kansas.  Lambe  has  identified  the  species 
from  the  Belly  River  Cretaceous  of  Canada,  but  it  seems  to  me  that 
the  identity  must  be  more  or  less  problematical. 


ELASMOSAURUS. 

Cope,  Proc.  Acad.  Nat.  Sci.  Phil.  1868,  68. 

*iM,ATVLRLs  Cope,  1.  c. ;  Notes  on  Geology,  Leconte,  1868,  68;  Proc. 
Bost.  Soc.  Nat.  Hist.  1869,  266;  Amer.  Nat.  iii,  87;  Ext. 
Batrachia,  etc.  1869,  47,  ff.  7-12,  pi.  ii,  ff.  1-9,  pi.  iii:  Amer. 
Jour.  Sci.  1870,  140,  268;  .\mer.  Nat.  v,  47;  Rep.  U.  S.  Geol. 
Surv.  Terr.  1871,  393,  1872,  320.  336;  Cretac.  Vert.  1875,  44, 
79,  256;  Bull.  U.  S.  Geol.  Surv.  Terr,  iii,  1877,  5?^;  Amer. 
Nat.  xxii,  724;  Leidy,  Amer.  Jour.  Sci.  xlix,  1870,  392;  Proc. 
Acad.  Nat.  Sci.  Phil.  1870,  9,  18;  Lydekker,  Cat.  Foss.  Rept. 
Brit.  Museum,  ii,  181  (0>//^>//r7.vr?///-//y).-  Fort  Pierre  Cretace- 
ous, Kansas. 

iNTER>tEi)n:s  Cope,  Proc.  Amer.  Phil.  Soc.  1894,  112. — Fort  Pierre- 
Cretaceous,  South  Dakota. 

ORiENTALis  Cope,  Proc.  Acad.  Nat.  Sci.  Phil.  1868.  313;  Proc.  Host. 
Soc.  Nat.  Hist  1869,  266;  Geological  Surv.  New  Jt-rsey, 
Cook,  Append.  (1868),  1869,  733;  Amer.  Nat.  1869,  87;  Ext. 
Batrachia,  etc.  1869,  44,  55,  pi.  ii,  f.  10;  Amer.  Jour.  Sci. 
1870,  368;  Cretac.  Vert.  1875,  255;  Bull.  U.  S.  Geol.  Surv. 
Terr,  iii,  1877,  567,  578;  Am.  Nat.  xi,  1877,  311;  Leidy,  Proc. 
Acad.  Nat.  Sci.  Phil.  1870,  22  (/^/.wvA^f//////^).  -(ireensand  No. 
4,  New  Jersey. 

sERPENTiNUs  Cope,  Bull.  U.  S.  Geol.  Surv.  Terr,  iii,  578,  1877:  Amer. 
Nat.  xi,  1877,  311. — Niobrara  Cretaceous,  Nebraska. 

The  genus  Elasmosaitrus  was  founded  upon  a  nearly  complete 
series  of  vertebrae  obtained  near  the  vicinity  of  Fort  Wallace,  Kansas, 
wrongly  ascribed  to  the  Niobrara  epoch.  The  neck  was  very  long. 
The  incomplete  girdles  are  also  known.  No  additional  material  has 
been  ascribed  to  the  type  species  since  the  original  description  by 
Cope. 
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POLYCOTYLUS. 
Cope,  Proc.  Amer.  Phil.  Soc.  xi,  117,  1869. 

*LATiPiNNis  Cope,  1.  c;  Ext.  Batrachia,  etc.  36,  pi.  i,  ff.  1-12;  An. 
Rep.  U.  S.  Geol.  Surv.  1871,  388;  ibid.  1872,  320,  335;  Bull. 
U.  S.  Geol.  Surv.  Terr.  27,  1874;  Cretac.  Vertebrata,  45,  72, 
255,  I,  vii,  ff.  7,  7a;  Leidy,  Ext.  Vert.  Fauna,  279.  —  Niobrara 
Cretaceous  of  Kansas. 

*iscHiADicus  Williston,  postea,  Niobrara  Cretaceous,  Kansas. 

This  genus  was  based  up6n  a  portion  of  a  propodial  bone  and 
imperfect  cervical  and  dorsal  vertebra?.  The  ribs  of  the  neck  are 
single-headed. 

PIRATOSAURUS. 
Leidy,  Cretaceous  Rept.  N.  Amer.  p.  29,  1865. 

PLicATUS  Leidy,  1.  c.  pi.  xix,  fig.  8. — Cretaceous,  Minnesota. 

Basedfcupon  a  single  tooth.  Believed  by  the  author  to  be  Cro- 
codilian. The  horizon  is  probably  Niobrara,  judging  from  the 
accompanying  fossils.  If  so,  it  would  seem  very  probable  that  the 
tooth  belongs  to  a  plesiosaur,  though  rather  sharply  conical  in  shape. 

NOTHOSAUROPS. 
Leidy,  Proc.  Acad.  Nat.  Sci.  Phil.  1870,  74. 

occinriTS  Leidy,  1.  c. ;  Rep.  Geol.  Surv.  Terr.  1873,  i,  345.  pi.  xv,  ff. 
11-23;  Cope,  Bull.  U.S.  Geol.  Surv.  Terr,  i,  28,  iS-/^{P/('s/o- 
.sw///'///); Cretac.  Vert.  1875,  256  (/V/.).— Laramie  f?]  Cretaceous, 
Dakota. 

TAPHKOSAURUS. 
Cope,  Proc.  Amer.  Phil.  Soc.  xi,  274,  1S70. 

LOCK  wool  n  Cope,  Ext.  Batrachia,  etc.  1869,  40  {P/csi(>saitnfs)\  Proc. 
Amer.  Phil.  Soc.  xi,  274. — Cretaceous  No.  i,  New  Jersey. 

OLIGOSIMI'S. 
Leidy,   Proc.  Acad.  Nat.  Sci.  Phil.  1872,  39  (1873). 

(iRAND.Kvi  s  Leidy,  1.  c.  40;  Extinct  \'ert.  Fauna,  286,  345,  pi.  xvi, 
ff.  18,  19.— 

This  jj^cnus  and  species  were  proposed  for  a  detached  caudal 
vertebra  of  small   size,  without  definite  horizon,   from  Greun   River,. 
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Wyoming.     The  processes  are  attached.     The  description  will  apply 
to  caudal  vertebrae  of  various  genera. 


URONAUTES. 
Cope,  Proc.  Acad.  Nat.  Sci.  Phil.  1876,  345. 

cETiFOR.Mis  Cope,  1.  c.  346. — Fort  Pierre  (?)  Cretaceous,  Montana. 

SPECIES  Cope,   Amer.    Nat.    1887,  566. — Fox  Hills  Cretaceous,   New 
Mexico. 

This  genus  was  based  upon  cervical,  dorsal  and  caudal  vertebrae. 
The  cervicals  are  short,  with  the  processes  partly  attached,  and  the 
ribs  single-headed. 

Professor  Cope  referred  the  type  species  to  the  Fox  Hills  Cre- 
taceous with  doubt.  I  suspect,  rather,  that  the  horizon  is  Fort 
Pierre. 

OROPHOSAURUS. 
Cope,  Amer.  Naturalist,  1887,  564. 

pAUciPORUs  Cope,  1.  c. — Fox  Hills  Cretaceous  of  New  Mexico. 

Based  upon  parts  of  three  cervical  vertebrae.  The  neural  arches 
are  coGssified,  the  ribs  free.      Centra  short;  ribs  single-headed. 

PIPTOMERUS. 
Cope,  Amer.  Nat.  1S67,  564. 

mkc;ai.oim)RI :s  Cope,  1.  c.  564. — Fox  Hills  Cretaceous,  New  Mexico. 

MK  ROpoRUs  Cope,  1.  c. — Fox  Hills  Cretaceous,  New  Mexico. 

HKXA(;oNrs  Cope.  1.  c.  —  Fox  Hills  Cretaceous,  New  Mexico. 

This  genus  and  species  are  based  upon  cervical  and  dorsal  verte- 
bne  only.  The  cervicals  are  short,  the  processes  free  and  the  ribs 
single-headed. 

TRINACROMFRl'M. 
Cragin,  Amer.  Geologist,   Dec.  1S88. 

"liKN  IONIAN  I'M   Cragin,    1.   c. ;    ibid,    1891,    171.  — Henton    Cretaceous, 
Kansas. 

A  large  part  of  the  skeleton  was  known  to  the  describer,  includ- 
ing the  skull,  vertebra:%  part  of  the  girdles  and  limbs. 
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PANTOSAURUS. 

Marsh,  Report  Geological  Congress,  1891,  159;  Amer.  Journ.  Sci. 
xli,    1895,  406:  Parasaurus  Marsh,  Amer.   Journ.    Sci.  xliii, 
338,    1891  (preoccupied). 

STkLXTUS  Marsh,  Amer.  Journ,  Sci.  xliii,  338,  1891  {Parasaurtfs)\  ibid, 
i,  406,  1895,  ff. — Baptanodon  Beds,  Wyoming. 

Based  upon  a  posterior  cervical  centrum.  **  Vertebra.-  strongly 
grooved.  Neck  long  and  slender,  the  vertebra?  preserved  resembkr 
most  in  form  and  size  those  of  /^/t'siosiinnts  /*/icatus  Phillips." 

EMBAPHIAS. 
Cope,  Proc.  Anur.  Phil.  Soc.  1894,  iii. 

ciRc.L'Losus  Cope,  1.  c.  —  Pierre  Cretaceous,  South  Dakota. 

This  genus  and  sptcies  \vt*re  founded  on  three  vertebne,  cervical 
and  dorsal.  The  cervicals  are  short,  with  persistent  sutures.  Ribs 
double-headed(?). 

MEGALNEUSAURUS. 
Knight,  Amer.  Journ.  Sci.  v,  1898,  375. 

KKX   Knight,   Science,  1895,  449  (CV////'//<rvf ?//////);  Amer.  Journ.  Sci.  v, 
1898,  379,  ff.  13-  -Jurassic,  Wyoming. 

A  hirgL'  jiortion  of  the  skuK-ton  of  the  type  species  is  known;  the 
parts  so  far  described  art,*  the  vcrtebrir  and  limbs. 

DOLICHORHVXCHOPS. 
Williston,  Kansas  l^niv.  Sci.   Hulk-tin,    No.  9,  p.  141,  StjU.  i9(.^2. 
■""osi'.OKNi   Williston,  1.  c.  —  Niobrara  Cretaceous,  Kansas. 

BRACHArCHENH'S. 

Williston.   postea. 

^*Lr("\>i   Williston,  postt'a.  —  Benton  Outaccous,  Kansas. 
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DOLICHORHYNCHOPS   OSBORNI. 


The  specimen  of  Dolichorhynchops  osborni  herewith  described  and 
ilhistrated  was  discovered  by  Mr.  George  Sternberg  in  the  chalk  of 
Logan  County.  Kansas,  in  the  summer  of  1900,  and  skilfully  collected 
by  his  father,  Mr.  Chas.  H.  Sternberg,  the  veteran  collector  of  fossil 
vertebrates.  The  specimen  was  purchased  of  Mr.  Sternberg  in  the 
following  spring  for  the  University  of  Kansas,  where  it  has  been 
mounted  and  where  it  now  is.  When  received  at  the  museum  the 
skeleton  was  almost  wholly  contained  in  a  large  slab  of  soft  yellow 
chalk,  with  all  its  bones  disassociated  and  more  or  less  entangKd 
together.  The  left  ischium,  lying  by  the  side  of  the  maxilla,  was 
protruding  from  the  surface,  and  a  part  of  it  was  lost.  The  bones  of 
the  tail  and  some  of  the  smaller  podial  bones  were  removed  a  little 
distance  from  the  rest  of  the  skeleton,  and  were  collected  separately 
by  Mr.  Sternberg.  The  head  was  lying  partly  upon  its  left  side  and 
some  of  the  bones  of  the  right  side  had  been  macerated  away;  the 
maxilla  indeed  had  disappeared. 

The  task  of  removing  and  mounting  the  bones  has  required  thy 
labor  of  Mr.  H.  T.  Martin  the  larger  part  of  a  year,  and  is,  as  finally 
mounted,  an  example  of  great  labor  and  skill  on  his  part.  ^  For  the 
position  of  the  bones  in  the  recreated  skeleton  and  their  general 
arrangement  I  am  of  course  responsible.  There  is  some  little  doubt 
as  to  the  exact  position  of  the  pectoral  girdle,  as  respects  the  ribs  and 
vertebra'.  The  position  as  shown  in  the  restoration  is  that  whi(  li 
seemed,  upon  the  whole,  most  nearly  the-  truth,  judging  from  the 
figured  skeletons  of  Plesiosaiinis.  There  is  also  some  doubt  about 
the  proper  length  of  the  tail.  The  relations  of  the-  preserved  centra 
seemed  to  indicate  a  loss  of  a  few  vertebrae  in  this  region,  and  for 
that  reason  four  plaster  models  have  been  intercalated.  TIkti-  arc- 
nineteen  vertebrae  preserved  in  the  nuck;  there  may  have  hern  one 
more,  or  possibly  two,  but  for  reasons  discussed  further  on  this  is 
doubtful.  In  the  dorsal  region  there  are  thirty  vertebra-,  tliret  of 
which  maybe  called  pectoral.  Twenty-five  are  preserved  in  the  tail. 
The  skull,  after  its  complete  removal  from  the  matrix,  was  found 
to  be  so  very  fragile  that  it  was  not  thought  expedient  to  mount  it. 
It  was  also  somewhat  distorted,  as  will  be  seen  from  the  illustrations. 
A  model,  therefore,  was  made  under  my  careful  supervision,  and 
mounted  in  its  stead.     The  skeleton   as  mounted    is  just   ten  ftet  in 
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length.  The  neck  in  life  must  have  been  thick  and  heavy  at  the  base, 
tapering  rapidly  from  the  trunk  to  the  head.  The  trunk  was  broad, 
as  is  evident  from  the  position  of  the  ribs,  with  the  under  side  not  flat, 
as  might  be  supposed,  but  strongly  convex  from  side  to  side.  The 
abdominal  region  ^^roper,  between  the  girdles,  must  have  been  short, 
and  could  not  have  been  very  distensible.  The  short  tail  was  thick  at  its 
base,  as  is  conclusively  shown  by  the  attachment  of  the  ilia  and  the 
elongated  ischia.  Furthermore,  the  fore  legs,  at  least,  must  have 
been  enclosed  for  a  considerable  distance  at  their  attachment  by  the 
skin  and  muscles  of  the  pectoral  region;  they  could  not  have  been 
pedunculated  to  the  extent  that  they  are  usually  represented  to  be  in 
the  restorations.  The  species  was  named  in  honor  of  Prof.  H.  F. 
Osborn  of  Columbia  University. 

The  distinguishing  characters,  both  family  and  generic,  may  be 
summed  up  as  follows: 

DOLiOHORH  YNCHOP8.  — Ht'dd  cionj^at(\  the  facta!  region  much  attenuated; 
teeth  nearly  uniform  in  size^  small;  prefrontal  and  postfrontal  bones  not 
Joined;  par  iet  a  Is  extending  into  a  high  crest;  supraoccipital  hones  separated; 
internal  nares  small  ^  included  het^ceen  the  vomer  and  palatine  only;  pala- 
tines broadly  separated  throughout;  a  large  vacuity  bettueen  the  pterygoids 
anteriorly;  quadrate  process  of  pterygoids  short.     JVeck  but  little  longer 
than    the  head^   composed  of  nineteen  or  twenty  vertebnr;  all  presacral 
vertebric  of  nearly  equal  length,   moderately  concave^   and  with  lascular 
foramina  belo7i>;  spines  shorty  uniform  in  length;  di apophyses  of  the  dorsal 
vertebric   situated  high    up.      Coracoids    luith    long    epicoracoid  process; 
clavicles  and  scapuhe  free;  episternum  luith  an  emargi nation  in  front  and 
behind^    the    latter    forming   part   of  a    large    interclavicular  foramen. 
Three    epipodial    bones,     all    broader    than    long.      Ischium    elongated, 
length  ten  feet. 

Skull. — The  skull  of  Dolichorhynchops  osborni  is  of  a  remarkably 
eh^n^atf  and  slender  form,  attenuated  in  front  of  the  orbits,  and  with  a 
thin,  high,  parietal  crest.  The  region  In-tween  the  eyes  is  very  nar- 
row, the  superior  temporal  vacuities  large,  and  the  teeth  numerous 
and  skMukr.  The  hrad  is  more  nearly  of  the  typical  aquatic  fish -eat- 
ing type  than  is  perhaps  known  in  any  other  plesiosaur,  and  the  neck 
is  as  short  as  or  shorter  than  in  any  other  plesiosaur  hitherto 
described.  The  skull,  as  received,  was  lying  partly  upon  its  left  side, 
with  a  part  of  the  right  side  separatt-d  and  injured,  some  of  the  bones 
having  been  macerated  away.  The  specimen  was  compk'tely  removed 
from  the  matrix,  including  even  that  which  was  between  the  bones, 
and  the  elements  of  the  brain   case  were  separated  out.      In  conse- 
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quence,  the  fragility  of  the  skull  was  such  that  it  was  not  deemed 
prudent  to  mount  it  with  the  remainder  of  the  skeleton.  A  model  of 
it  was  therefore  made,  based  upon  my  drawings  and  studies,  and 
which,  I  think,  represents  the  skull  very  nearly  as  it  must  have  been 
during  life.  Its  width  in  all  parts  may  not  have  been  accurately 
determined,  but  the  discrepancies  from  the  reality  can  not  be  great. 

The  premaxillaries  are  separated  from  each  other  distinctly  by 
suture,  the  long  facial  processes  apparently  lying  in  contact  with  each 
other  without  close  union.  The  suture  separating  them  from  the 
maxilla  begins  just  back  of  the  sixth  tooth ;  it  curves  upward  and 
backward  for  a  short  distance,  and  then  runs  parallel  with  the  upper 
border  as  far  back  as  the  narial  opening,  whence  the  margin  runs  more 
obliquely  to  the  tip  of  the  processes  above  the  middle  of  the  orbit. 
Each  premaxilla  bears  six  teeth,  which  are  among  the  largest  of  the 
jaws,  and  are  all  of  nearly  uniform  size,  the  first  one  curved  forward. 
The  facial  process  is  slender,  flattened  on  its  opposing,  sutural  sur- 
face, and  with  its  external,  convex  surface  distinctly  striated  longi- 
tudinally. The  dentigerous  portion  is  convex,  pitted  toward  the 
anterior  part,  and  about  twenty-  five  millimeters  in  height,  opposite 
the  last  tooth.  The  relations  of  the  bone  on  the  palatal  surface  can 
not  be  determined. 

The  maxilliv  are  long  and  narrow  on  the  facial  surface,  and 
very  narrow  on  the  palatal  surface,  at  least  posteriorly.  They  bear 
twenty  teeth  on  each  aide,  the  first  ten  or  eleven  of  which  are 
of  nearly  equal  size,  and  scarcely  smaller  than  those  of  the  pre- 
maxilln\  The*  posterior  ten  teeth  are  crowded,  occupying  a 
space  less  than  one-half  that  of  the  preceding  ten,  and  they  an* 
smaller.  The  greatest  width  of  the  maxilla  on  the  facial  surface 
— about  twenty-five  millimeters — is  at  about  seventy  millimeters  in 
front  of  the  orbit,  whence  the  bone  narrows  to  a  width  of  ten  milli- 
meters below  the  anterior  border  of  the  orbit.  Below  the  orbit,  the 
bone  extends  as  a  narrow  bar,  becoming  slightly  narrower  posteriorly, 
before  the  beginning  of  the  jugal  suture.  Beyond  this,  it  flattens 
posteriorly  to  near  its  extremity,  which  is  about  midway  of  the  tem- 
poral bar,  and  one  hundred  millimeters  beyond  the  last  tooth. 

There  are  twenty-five  or  twenty-six  teeth  in  each  jaw.  They  are 
inserted  by  a  long  fang,  the  pulp  cavity  of  which  occupies  more  than 
one-third  of  the  diameter,  extending  a  short  distance  into  the  crown. 
In  the  largest  teeth,  the  crown  is  about  twenty  millimeters  in  length, 
with  a  diameter  at  the  base  of  six  millimeters.  The  crown  is  rela- 
tively slender,  strongly  convex  anteriorly,  sharply  conical,  and  with 
slender,   delicate,   longitudinal    stiiap,   except    on    the    outer,   anterior 
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part,  where  the  surface  is  nearly  smooth.  The  posterior  teeth  are 
much  smaller,  as  already  stated,  and  are  much  more  closely  placed, 
their  length  varying  from  six  to  twelve  millimeters. 

The  united  parietals  form  a  high,  thin,  vertical  plate  of  bone, 
convex  in  outline,  about  fifty  millimeters  in  height  in  the  middle,  and 
only  three  or  four  in  thickness  at  the  margin,  and  extending  nearly  as 
far  forward  as  the  pineal  foramen.  Posteriorly,  the  sides  extend 
downward  and  outward  into  a  broad  flattened  process  for  union  with 
the  upper  ramus  of  the  squamosal.  The  suture,  which  is  clearly 
apparent,  runs  downward  and  outward  to  the  free  margin  of  the 
parietal  on  each  side,  beginning  in  front  of  the  posterior  thickened 
bar  of  the  squamosal.  Anteriorly  this  free  margin  of  the  parietal  is 
continued  outward,  like  the  eaves  of  .a  roof,  to  the  posterior  part  of 
the  orbit,  where  it  is  somewhat  roughened ;  it  turns  upward  here 
rather  abruptly.  About  twenty  millimeters  above  this  angle,  separated 
by  a  concave  space,  is  the  massive  projection  for  the  epipterygoid. 
This  bone  has  been  broken  away  from  its  attachment  on  each  side, 
and  separated  for  a  short  distance,  leaving  a  jagged  fracture,  without 
indications  of  suture.  The  upper  margin  of  this  thicjcened  epiptery- 
goid protuberance  is  continued  by  sutural  union  with  the  postfrontal. 
A  little  in  front  of  the  parietal  foramen,  the  bone  narrows  to  a  width 
of  four  or  five  millimeters,  blended  with  and  continued  into  the  frontal, 
which  continues  forward  to  the  premaxillary,  under  which  it  disap- 
pears. The  sutural  union  for  the  postfrontal  is  well  marked  on  the 
right  side,  beginning  a  little  back  of  the  pineal  foramen  and  running 
downward,  outward  and  backward  to  the  upper  margin  of  the  epiptery- 
goid protuberance.  Internally  the  parietals  form  a  broad  roof,  to 
which  is  attached,  rather  far  forward,  by  distinct,  oval,  obli(|uely 
placed,  V-shaped  articular  surfaces,  the  paired  supraoccipitals,  which 
do  not  reach  quite  to  the  lower  free  margin  of  the  parietals  on 
each  side. 

Anteriorly,  as  already  stated,  the  frontal  (?)  continues,  without 
the  slightest  indication  of  a  suture  with  the  parietals,  forward  for  forty 
millimeters  or  so  more,  as  a  narrow,  tiattt.ned  surface  abov^-,  distinctly 
divided  by  a  median  suture,  to  the  upper  end  "of  the  facial  processes 
of  the  premaxilhe,  which  articuhite  on  the  outer  side  of  the  slender 
projection,  overhipping  the  upper  surface,  flow  much  further  the 
bones  continue  I  can  not  say,  but  uvicKntly  as  far  forward  as  the 
anterior  end  of  the  orbits.  On  thj  right  side,  the  "  postprefronto- 
nasal"  has  been  macerated  away,  so  that  its  rehitions  are  clearly 
marked.  lielow  these  bones  are  broader,  continuous  on  each  side 
with  the  free  margin  of  the  roof,  as  already  described.      The  rostrum 


Apr.  1903.     North  American  Plesiosaurs — Williston.  17 

formed  by  the  **frontals"  is  stout  and  rounded,  and  is  continued  at 
least  as  far  forward  as  the  anterior  end  of  the  orbit,  clearly  separated 
above  and  below  by  the  median  suture.      The  anterior  ends  are  lost  in 
front   in   the   broken  fragments   of   bone,    between    and    beyond    the 
anterior  end  of  the  orbits.      Lying  between  the  orbits,  and  separated 
from  each  other  by  a  narrow  interval,  are  the  narrow  bones  which  may 
represent  the  conjoined  postfrontals  and  prefrontals  and  nasals.      On 
the  right  side,  as  stated  above,  the  bone  had  been  macerated  away, 
and  while  some  of  its  processes  had  been   broken  off  and   lost,    the 
sutures  for  union  with  the  parietal,  frontal  and  prefrontal  are  beauti- 
fully preserved,   showing  the  relation  to  these  bones  in  a  way  that 
precludes  doubt.     The  bone  shows  no  trace  of  division  whatever  into 
its  supposed  elements.       It  articulates  with  the  **  frontal,"  parietal, 
epipterygoid,  *' postorbital,"  **  supraorbital,"  premaxilla  and  maxilla. 
Posteriorly  the  bone  extends  downward,  outward  and  backward  to  the 
upper    margin    of    the    epipterygoid    protuberance;    externally    and 
posteriorly  it  sends  off  a  projection  for  union  with  the  post-orbital  ; 
anteriorly  the  bone  fits  into  a  groove  on  the  outer  side  of  the  facial 
processes  of  the  premaxillaries  for  a  distance  of  thirty  or  forty  milli- 
meters, and  has  a  stout  process  on  the  outer  side  for  union  with  the 
supraorbital,  or  whatever  the  element  may  b^'  hi*re.     On  the  under 
side  there  is  a  broad,  flattened,  vertical   plate,  continuous  from  tli .-. 
posterior,  inferior  angle,  and  widened  in  the  middle  so  as  to  reach  the 
greater  part  of  the  way  to  the  upper  surface  of  the  palatal  bone,  form- 
ing the  inner  wall  of  the  orbit  in  large   part.      The   plate  given  off  for 
union  with  the   '* supraorbital"  is  separated   by  a  sharp,   deep   notch 
from  a  similar  process  for  union  w^ith  the  '*  postorbital."     The  ''supra- 
orbital" bone  has  been  crushed   back  over  this   process,  so  that  thr 
distinguishing  suture  can  be  perceived  in  one  place  only,  anteriorly. 
In  front  of    the  orbit,    the  bone  sends  out   a  thin,    triangular  plati-, 
which  curves  downward  to  meet  the  maxilla",  sej)arated  from  its  mate 
by  the  premaxilla^.      Doubtless  this  part  represents  the  nasal,  and  per- 
haps also  the  lachrymal,  but  there  are  no  indications  of  distin<(uisliing 
sutures,  and  I  do  not  believe  that  the  nasal  exists  as  a  separate  ele- 
ment in  the  adult  plcsiosaur  —  I   can  not  find   that   it   has  ever  been 
described  in  any  plesiosaur.      It  joins  the   maxilhe   broadly  and   the 
**  supraorbital "    behind;    in    the   angle    between    the    three   bones    is 
located  the  small  external   nares.      Below  the  supraciliar  plate,  near 
the  anterior  part  of  the  orbit,  on  the  side  of   the  prefrontal,  there  is  a 
well-defined  fossa,   leading  forward    into  the  ethmoidal   region,   into 
which  opens  a  small  foramen  from  the  upper  surface-  between  the  pre- 
frontal and  supraorbital. 
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The  sitpraorbiial  forms,  as  already  stated,  a  horizontal  plate 
extending  out  over  the  orbit  in  front.-  Its  union  with  the  prefrontal 
posteriorly  is  obscured  by  fracture,  but  indications  of  a  suture  are 
seen  anteriorly.  Between  this  bone  and  the  postorbital  there  is  a 
deep  notch,  angulated  externally.  The  suture  between  the  prefrontal 
and  supraorbital  is  clearly  seen  anteriorly,  running  from  the  small 
foramen  already  mentioned  forward  and  outward  to  terminate  near 
the  maxilla,  at  the  posterior  end  of  the  nares.  The  connection  of  the 
bone  with  the  maxilla  can  not  be  made  out,  as  there  has  been  an 
infolding  here ;  its  connecting  suture  with  the  ascending  process  of 
the  maxilla  is,  however,  well  defined,  running  obliquely  forward. 
The  descending  plate  of  the  supraorbital  has,  in  its  orbital  margin 
near  the  upper  part,  a  small  foramen,  piercing  the  bone  obliquely. 
The  horizontal  portion  terminates  anteriorly  by  sinking  to  the  surface 
of  the  descending  portion.  The  whole  bone  reminds  one  of  the  pre- 
frontal of  Clidastcs, 

T\iit  postorbital  bone  is  a  narrow,  elongate  and  thin  bone,  united 
above  with  the  postfrontal,  and  to  a  slight  extent  with  the  parietal, 
near  the  top  of  the  epipterygoid  ;  below  to  the  jugal.  On  the  right 
side,  this  bone,  like  the  postprefrontal  and  jugal,  has  been  macerated 
away,  and,  although  somewhat  distorted,  presents  no  evidence  of 
being  composed  of  more  than  one  element. 

In  the  above  description  of  these  frontal  elements,  I  have  fol- 
lowed the  usual  determinations,  but  I  am  not  satisfied  with  them.  The 
•'supraorbital,"  though  occupying  the  position  usual  for  this  bone 
above  the  orbit,  has  relations  anteriorly  that  are  altogether  unusual  ; 
the  nasal  and  the  lachrymal  do.  not  appear  to  exist  as  independent 
elements.  It  would  seem  more  likely  that  this  supposed  **  supra- 
orbital" is  nally  the  lachrymal,  if  the  postfrontal  and  prefrontal  are 
fused  into  one  element.  Again,  such  a  combination  of  the  postfrontal 
and  prefrontal  and  their  peculiar  articulations  is  remarkable.  The 
very  narrow  frontal,  whiK-  showing  a  distinct  suture  in  the  middle, 
presents  no  evicU'nce  of  any  conni'Ction  with  the  parietal  —  it  seems 
more  to  be  a  very  narrow  rostrum  projecting  in  front  of  the  parietal 
and  separating  tlu*  bonis,  which  otherwise'  would  answer  very  well 
for  frontals.  In  this  lattrr  case,  the  so-called  *•  supraorbital"  would 
really  be  tin-  prefrontal,  and  tin*  postorbital  the  postfrontal  or  post- 
fronto-orbital.  This  may  sei'Ui  a  violent  supf>osition.  but  it  does  not 
st-em  at  all  inij)rol)al>lr  to  me.  Nor  is  the  union  of  the  parietal  with 
the  premaxilla  any  mor<'  t'Xtrat>rtlinary  than  is  the  union  of  the  supra- 
occipital  with  ihr  irt)ntal  in  manv  C'ctacia. 

Sclerotic  platts  \\\v  j>iesrnt  in  the  left  orbit  of  this  specimen  in  a 
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nearly  undisturbed  condition.  There  are  fourteen  in  the  ring  with 
beveled  and  imbricated  contiguous  margins,  in  texture,  size  and 
position  very  much  like  the  corresponding  bones  of  the  mosasaurs. 
The  pupillary  opening  measures  about  thirty  millimeters  in  diameter, 
and  the  entire  diameter  of  the  ring  is  about  seventy  millimeters.  The 
occurrence  of  sclerotic  plates  in  the  plesiosaurs  has  long  been  known. 
I  described  them  in  Cimoliasaurus  snoicii  in  1890,  and  Owen  many 
years  earlier  (Fossil  Reptilia  of  the  Liassic  Formation,  p.  10)  said: 
**  In  both  orbits  some  of  the  thin  sclerotic  plates  of  the  eyeball  are 
preserved  ;  this  is  the  first  specimen  in  which  I  have  had  evidence  of 
their  structure." 

The  yz/^f// is  a  small  element  intercalated  between  maxilla,  post- 
orbital  and  squamoso-prosquamosal.  The  suture  separating  it  from 
the  maxilla  runs  nearly  parallel  with  the  lower  border  of  the  bone. 
In  its  posterior  third  this  suture  is  very  distinct ;  it  seems  to  be  con- 
tinued forward  to  attain  the  margin  of  the  orbit  at  its  lower  posterior 
part.  Above,  the  bone  is  distinguished  from  the  postorbital  by  a 
nearly  parallel  suture  ;  behind  by  a  nearly  transverse  suture  from  the 
squamosal.  On  the  right  side,  the  jugal  had  been  separated  from  the 
other  bones  by  maceration ;  its  relations,  therefore,  are  positively 
indicated.  The  bone  terminates  about  twenty  millimeters  before  the 
posterior  end  of  the  maxilla.  On  the  inner  side,  just  back  of  the 
rounded  orbital  margin,  the  bone  articulates  by  a  flattened  surface, 
about  the  size  of  one's  finger-nail,  with  the  ectopterygoid.  The  bone 
is  pierced  on  its  outer  surface  by  three  or  four  small  zygomatic 
foramina. 

The  broad,  triradiate  element,  variously  considered  as  being  com- 
posed of,  or  the  homologue  of,  the  squamosal  and  mastoid  by  Owen*, 
the  squamosal  and  supratemporal  by  Andrewst,  the  scjuamosal  and 
prosquamosal  by  Owen  and  Baur,  the  supratemporal  and  supramas- 
toid  by  CopeJ,  the  squamosal,  supratemporal  and  quadratojiigal  b\' 
WoodwardjJ,  differs  materially  in  its  structure  from  that  described  or 
figured  in  other  plesiosaurian  skulls,  in  that  the  element,  or  elements, 
whatever  they  are,  articulate  proximally  with  the  maxilla,  as  well  as 
the  postfrontal  and  jugal.     Posteriorly,  the  suture  separating  the  bonr 

•Trans,  (ieol.  S<>c.  Lo.id.  (2).  v,  pt.  iii,  pi.  xlv.  1S40. 

t  Quart.  Journ.  (jeol.Soc.  Lond.  Ivii,  249,  1S90. 

X  Proc.  Amcr.  Phil.  Soc.  xxxiii,  no.  1894.    Cope,  in  his  es'^ay  on  the  posterior  cranial  arclus  in 
the  Reptilia  (Trans,  .^mer.  Phil.  Soc.  1892),  reaches  the  conclusion  that  the  lowi-r  temporal  l)ar  of 
the  Crocodilia,  Sphcttodon,  et«*..  corresponds  with  the  />j;onjatic  arch  of  tin-  niannnalia.  and  tin-re 
fore   suppresses  the  term  "squamosal."    The  squamosal— so-called— in  the  Reptilia  he  calls  iIk- 
supramastoid.  ahsent  in  the  lacertilia  and  other  forms. 

§  Vert.  Paleont..  f.  116  A,  1S98. 
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from  the  quadrate  is  situated  as  in  Cimoliasattrus  snoivii^  at  the  external 
angle  of  the  quadrate,  which  it  borders  to  its  upper  extremity.  At 
the  lower  extremity  there  is  a  very  distinct  squamate  suture,  running 
upward  and  forward  and  becoming  lost  about  twenty  millimeters  from 
its  origin.  This  suture  is  clearly  apparent  on  the  two  sides,  and  is 
also  seen  in  the  skull  of  Cimoliixsaurus  sno7un\  as  it  was  figured  by 
myself  (1.  c.)  and  Cope*.  Just  what  the  course  of  the  suture  is 
anteriorly  1  cannot  say,  but  I  believe  that  it  is  indicated  by  a  line 
passing  forward  to  the  maxilla,  and  excluding  that  bone  from  union 
with  the  squamosal.  Whatever  be  its  relations  anteriorly,  I  doubt 
not  that  the  (juadratojugal  exists  as  a  distinct  ossification  in  the 
plesiosaurs.  In  a  separated  (juadrate  of  another  species  of  plesiosaur 
( /'.  anonymum  Will.),  from  the  Benton  of  Kansas,  the  sutural  sur- 
faces for  union  with  the  (juadratojugal  and  squamosal  are  clearly  dis- 
tinguished. The  (juadratojugal  does  not  enter  into  the  formation  of 
the  condylar  surface  of  the  (juadrate,  as  has  been  suspected,  and  as  it 
does  in  Splivnoifon:  this  is  certain.  On  the  outer  side  of  this  quadrate, 
just  above  the  articular  surface,  there  are  two  sutural  surfaces — one 
on  the  posterior  and  outer  border,  for  the  attachment  of  the  squamosal, 
the  other  on  the  anterior  border  for  the  attachment  of  the  quadrato- 
jugal,  which,  in  this  case,  as  also  in  Dolichorhynchops  osborni^  must 
hav(.'  been  overlapped  in  j^art  by  the  s(juamosal.  In  Cimoliasauriis 
anowii^  the  suture  between  the  s(juamosal  and  the  quadratojugal  is 
vt-ry  clearly  indicated  from  tln'  e.xterior,  the  squamosal  not  descend- 
ing as  low  as  in  the  other  sj>e(  ii'S.  The  suture  shown  as  separating 
the  (juadratojugal  fn)m  the  s(juamosal  anteriorly  is  conjectural,  but  I 
beli(.-V(.',  as  already  slated,  that  it  will  be  found  to  extend  as  far  for- 
ward as  tht,"  maxilla. 

The  suture  separating  the  squamosal  from  the  postorbital  is  short 
and  Vertical,  joining  tlu'  border  near  the  anterior  extremity  of  the 
bone,  as  sei'U  from  tlie  outer  side.  Tin*  suture  joining  the  jugal  is  a 
S(juauious  one,  extending  (hi  the  inner  side  nearly  to  the  margin  of  the 
orbit,  but  K*aving  a  small  sjku  <.'  for  the  union  of  tlie  ectopterygoid 
with  the  jugal.  The  suture  with  the  maxilla  is  hmg  and  obli(]ue,  con- 
cealed in  about  half  its  <'Xt<'nt  by  the  jugal.  I  believe,  however,  that 
the  S(juamosal  is  reall\  sejiaratecl  {\o\\\  the  maxilla  by  the  intervention 
ot  the  tjuadralojugal,  as  already  described,  and  for  which  there  seems 
ti>  be  some  evidence  in  thi.-  sjHcimen.  On  the  right  side  the  maxilla 
had  been  remoxed  by  maceratitui,  having  the  sutural  surface  for  the 
temjuual  element  very  clear  in  its  whole  exti'Ut. 

Posti'riorly,  the   sutural   line   of  the  S(juamosal  passes  downward 
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by  a  somewhat  zigzag  line  to  reach  the  inner  border  of  the  quadrate  a 
little  above  the  border  of  the  pterygoid  process.  On  the  inner  side, 
the  sutural  line  passes  nearly  directly  across,  and  then  upward  to  the 
inner  border. 

The  connection  with  the  parietal  is  definite.  The  suture  indi- 
cated by  Cope  in  his  figure  of  Chtioliasaitnis  snoh'u'  (1.  c. )  does  not 
exist  in  the  specimen  figured,  nor  is  there  any  such  in  the  skull  of 
Diylichorhynchops  osborni  here  described.  In  order  to  definitely  deter- 
mine this  fact  I  removed  the  portion  supposed  by  Cope  to  be  the 
supramastoid  from  the  skull  of  the  Cimoliasaurus  specimen  and  carefully 
cleaned  it,  thereby  proving  beyond  peradventure  that  the  supposed 
suture  is  in  reality  a  fracture.  The  squamosal,  or  as  it  should  be 
called,  the  squamoso-prosquamosal,  in  that  form,  as  w-ill  be  described 
hereinafter,  reaches  to  the  top  of  the  skull,  notwithstanding  Baur's 
opinion  to  the  contrary.  The  two  squamosals  touch  each  other,  or 
nearly  do  so,  as  in  the  skull  of  Crypiocliiius  described  by  Andrews. 

The  temporal  bar  in  the  plesiosaurs,  it  is  thus  seen,  is, composed 
of  the  jugal,  quadratojugal,  squamosal  and  prpsquamosal  (supratem- 
poral).  This  last  element  is  not  distinct  in  either  of  the  skulls  here 
described,  nor  is  it  usually  apparent  in  the  adult  skull,  but  Owen* 
describes  and  figures  it  as  distinct;  Andrews  also  sayst  that  **  In  sev- 
eral Plesiosaurian  skulls  in  the  British  Museum  the  suture  between 
these  elements  is  distinct. " 

The  quadrate  is  a  short  and  broad  bone,  united  by  a  pit- like 
sutural  surface  on  the  inner  side  with  the  posterior  prolongation  of 
the  pterygoid,  on  the  outer  side  with  the  squamosal  and  (juadrato- 
jugal,  as  already  described.  Posteriorly  the  sutural  surface  for  the 
squamosal  begins  a  littje  above  the  pterygoid  articulation,  runs  down- 
ward and  outward  for  a  short  distance,  then  upward  and  outward  to 
another  point,  whence  it  goes  downward  to  appear  on  the  outer  sur- 
face a  little  below  the  angle  of  the  bone,  which  it  follows  nearly  to 
the  lower  articulation.  Thf  articulation  for  the  paroccipital  is  imme- 
diately above  and  before  the  pit  for  the  articulation  of  the  pterygoid. 
A  separated  quadrate  of  another  spt-cies  ( 7'.  anonymiitti)^  already 
described  in  part,  with  its  sutures  distinct  and  the  hone  undistorttd, 
shows  an  elongated  articular  surface,  broadest  upon  the  inner  end, 
narrowed  and  turned  upward  at  the  outer  e.xtremity  nearly  to  the 
lower  end  of  the  squamosal  articulation.  A  non-articular  groove  on 
the  inner  side  of  the  middle  behind  divides  the  articular  surface;  it 
does    not  appear  to   be  present   in   either  of  the  other  species.      The 

•Tran>.  (leol.  Soc.  12).  v.  PI.  \i\   (1S401. 
▼  (Juan.  Jtmrn,  (icol.  Soc  Hi.  23.0.  \^i. 
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pterygoid  articular  surface  reaches  to  within  about  twenty-five  milli- 
meters of  the  articular  extremity.  The  inner  border  of  the  pit  is 
produced  forward  for  articulation,  apparently,  with  the  paroccipital. 
The  two  narrow,  concave,  articular  surfaces  for  the  scjuamosal  and 
quadratojugal  are  separated  by  a  narrow,  non-articular  ridge.  •  They 
both  extend  very  nearly  to  the  cotylar  surface  of  the  bone. 

The  picry^oiiis  articulate  posteriorly  by  a  deep,  pit-like  suture 
with  the  inner  side  of  the  distal  extremity  of  the  quadrate;  the  latter 
does  not  send  out  a  process  to  meet  the  bone.  The  bar  connecting 
the  quadrate  with  the  body  of  the  bone  fs  oval  in  cross-section,  with 
a  rounded  inferior  border.  It  is  about  thirty  millimeters  in  length 
and  is  placed  obliquely;  it  does  not  extend  much  posteriorly  to  the 
coronal  plane  of  the  occipital  condyle.  In  front  of  this  quadrate 
process  there  is  an  elongate,  flattened  or  concave  plate,  with  nearly 
parallel  sides,  separated  from  the  parasphenoid  by  a  slender,  elon- 
gated vacuity.*  At  the  posterior  extremity  of  this  plate  there  is  a  nar- 
row bridge  connection  with  the  basisphenoid.  The  connecting  suture 
is  not  determinable,  so  that  one  cannot  say  whether  the  two  ptei:y- 
goids  meet  here  in  the  middle,  as  in  Pcloncustcs  and  P/iostiitrifs,  or  are 
separated,  as  in  P/t'siosat/riis,  In  front  of  the  interpterygoid  vacuity 
the  pterygoids  unite  with  the  parasphenoid  broadly;  here  also  the 
connecting  suture  cannot  be  determined.  Opposite  this  connection 
exteriorly,  the  bone  sends  out  a  stout  process  for  union  with  the  ecto- 
pterygoid  or  transverse  bone.  Back  of  both  of  these,  and  on  the  inner 
side,  near  the  margin  of  the  vacuities  above,  there  is  the  attachment 
of  a  stout  cpiptcry^oid  pillar,  passing  upward,  and  apparently  a  little 
inward  to  unite  with  the  lower  anterior  part  of  the  parietals,  as 
alrejidy  described:  both  extremities  are  tumid,  and  the  connecting 
sutures  cannot  be  determined.  The  rod  is  broken  on  both  sides  in 
the  specimen  near  the  parietal  end,  and,  as  preserved,  is  curv^ed  for- 
ward. It  is  oval  in  cross-section,  with  the  greater  diameter  of  about 
ten  millimeters;  the  entire  length  is  thirty  millimeters.  Anteriorly, 
the  pterygoid  sends  a  flattened  process  to  meet  the  posterior  extremity 
of  the  vomers;  it  is  flattened  and  pointed.  This  process  is  gently 
expanded  at  each  extremity,  especially  the  proximal;  it  has  a  smooth, 
thin  edge  on  each  side,  except  at  the  distal  end,  where  it  meets  its 
mate,  suturally,  in  the  middle.  Between  the  two  processes  there  is 
an  elongate,    oval   vacuity,  which  is   not  filled  by   the   ossified    para- 

♦Atulrcws  ralUthi*^  opi'iiinj:  the  posterior  palatine  vacuity  or  (oratm-n;  but  this  trrm  is  inon.* 
pro|ierlv  restriitcti  to  the  openiny:  brtween  the  palatine,  pterygoids  and  niaxilla;.  ( orrespondinj;  to 
thf  p'>?^terior  palatine  foramina  of  mammals,  and  is  thu>  use  1  in  tin;  Chelonia— the  suh-  or  infra- 
orbital vatuitv  of  Andrews  and  other  aiithor*«. 
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sphenoid  in  this  specimen.  There  is,  however,  a  slight  projection  in 
the  middle  of  the  opening  behind,  which  may  represent  a  more 
extensive  ossification,  but  it  seems  very  probable  that  there  was  a 
real  vacuity  here,  unlike  the  condition  in  Pflonfiislis  and  Pli-siosaiinis. 
The  union  with  the  vomer  is  oblique,  from  without  inward  and 
forward. 

The  palatine  and  ectopterygoid  on    one    side,  though    retaining 
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the  bone  comes  in  contact  with  the  proximal  end  of  the  vomer ;  for  a 
little  distance  in  front  of  this  emargination,  and  distad  to  the  pointed 
extremity  of  the  bone,  the  border  is  slightly  thickened  for  union  with 
the  vomer.  Posteriorly,  the  rounded  extremity  of  the  bone  is  slightly 
thickened,  and  with  sutural  roughening  for  union  with  the  ectoptery- 
goid  process  of  the  pterygoid.  The  outer  border  is  slightly  concave 
throughout  nearly  its  whole  extent ;  it  is  also  thin  for  nearly  its  whole 
txtent.  Anterior  to  the  small  narial  emargination,  the  bone  forms  a 
long,  slender  point.  On  the  proximal  end,  the  thin  border  is  under- 
lapped  by  the  thin  anterior  prolongation  of  the  ectopterygoid  for  a 
distance  of  about  fifty  millimeters  :  the  remainder  of  the  extent  comes 
in  contact  with  the  maxilla,  but  presents  no  distinct  sutural  surface, 
unless  it  be  near  the  anterior  extremity.  There  is  no  posterior  pala- 
tine foramen. 

The  cctof^tt'r\\^oid  or  transverse  bone  is  of  a  slender,  triangular 
shape.  Its  slender  anterior  end  extends  forward  on  the  outer  margin 
of  the  palatine.  The  posterior  inner  angle  has  a  well  marked  sutural 
surface  underlapping  the  pterygoid  process.  The  outer  extremity  is 
thickened,  curving  somewhat  downward  to  unite  with  the  jugal,  and, 
by  a  thin  border,  with  the  maxilla. 

The  vomer  is  a  very  long,  narrow  bone,  uniting  with  the  palatine 
process  of  the  pterygoids  posteriorly  by  a  squamous  suture,  and,  for 
a  short  distance  on  the  outer  side  posteriorly,  with  the  slender 
pointed  extremity  of  the  palatine,  the  small  narial  opening  intervening. 
They  lie  closely  side  by  side,  apparently  without  sutural  union. 
Thev  are  concave  above,  and  convex  below  from  side  to  side,  and  are 
rather  stout.  Thi'  anterior  ends  are  so  concealed  that  they  can  not 
he  described  or  figured. 

BRAIN-0A8E. — The  lateral  walls  of  the  brain-case  in  the  reptilian 
skull  are  composed  of  six  distinct  elements,  according  to  the  views  of 
some  comparative  anatomists.  Two  of  tlu'Se  may  be  fused  with  con- 
tij^uous  elements  in  the  adult  skull,  or  one  or  more  of  them  may  be 
i-ntirely  absent.  Those  elements  supposed  to  contain  the  otic  capsule 
werr  called  by  Huxley,  in  his  lectures  on  the  structure  of  the  verte- 
brate skull  (Kkuients  of  Comparative  Anatomy,  i'Sh4),  the  epiotic, 
juootic  and  oj^isthotic.  The  othrr  three  are  the  supraoccipital, 
exoccipital  and  alisphenoid.  The  epiotic,  Huxley  homologized  with 
the  so-called  epiotic  of  fishes  and  batrachians,  and,  although  indis- 
tinguishably  united  with  the  supraoccipital  in  all  adult  reptilian 
skulls*,  he  believed   to   be  a  distinct  ossificatory  element.      This   has 

=*  I'arkt-r  (li'<(  rilx.-^  tin-  tpintic  ;i^  -i  (li"»linii  elonHMit    in    l'ftf-iif-n:>tii<   n.it/r\.   IMtil,  Tr;uis.. 
i^r^-  V-  \o'-.. 
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been  denied  by  Baur*.  No  indications  of  such  an  ossification  have 
been  found  in  adult  reptiles,  living  or  extinct,  even  in  those  in  which 
the  opisthotic  remains  as  a  permanently  free  ossification.  The  opis- 
thotic  was  previously  called  paroccipital  by  Owen  in  1838,  and  the 
name  must  take  precedence.  Copef,  however,  suspected  that  the 
opisthotic  or  paroccipital  is  really  composed  of  two  elements,  the 
outer  of  which  is  the  true  paroccipital,  while  the  inner,  that  entering 
into  the  formation  of  the  otic  canals,  may  be  properly  called  the  opis- 
thotic. Baur  denies  this,  insisting  that  there  is  but  a  single  element, 
persistent  in  the  Testudinata,  Ichthyopterygia,  the  young  of  Sphenodotiy 
and  other  Rhynchocephalia,  as  well  as  in  some  of  the  Cotylosauria ; 
firmly  and  indistinguishably  fused  with  the  exoccipital  in  all  other 
reptiles,  so  far  as  is  known  :  free,  according  to  Cope,  also,  as  the 
so-called  squamosal  of  Baur,  the  paroccipital  of  Cope,  the  supratem- 
poral  of  WoodwardJ,  in  the  lacertilia. 

If  there  be  but  one  element  here,  and,  so  far,  the  evidence  is 
inconclusive  that  there  are  two,  then  it  must  be  called  the  paroccipital, 
a  name  first  given  to  it  by  Owen.  Andrews  describes  the  element  as 
distinct  in  the  young  of  Cryptoclidus'^^  but  there  are  no  indications  of 
it  in  the  present  specimen. 

The  proOtic  of  Huxley,  the  alisphendid  of  Owen  (Comparative 

*Zocjl.'.\n/tMKcr,  No.  29rt.  1S^9:  Jourii.  Mor|»hoIoj;y.  1S89.  p.  467. 

*  "The  opisthotic  in  reptiles  is  ir<*ncrally  early  fused  with  the  exoccipital,  hut  in  the  Ichihvop- 
terv'^ia  and  Testudinata  it  is  distinct,  and  takes  the  place  of  the  petrosal  as  a  support  for  the  quadrate 
in  conjunction  with  the  exoccipital.  In  the  Pythononiorpha  a  hone  which  occui)ie.s  the  po-^ition  of 
the  terminal  part  of  the  opisthotic  tor  paroccipital.  which  is  tlnr  older  name)  issues  from  hetween 
the  exoccipital  and  petrosal,  and  supports  the  ([uadrate.  Whether  this  is  homolo^'ous  with  part  or 
ail  tif  the  paroccipital  is  an  open  question.  F(»r  the  present  I  call  it  the  paroccii)ital  and  it  is 
|)r<»h'ahly  a  di>tinct  element  from  the  oi»isthotic."  Cope.  S\  llahus,  2d  ed..  iS*jS.  A  fuller  description 
of  the  relations  of  this  hone  the  reader  may  find  in  my  paper  on  the  Mosasaur^  il'niv.  Kansas  (ieol. 
Surv..  v()i.  iv.  p.  i2n.  After  much  reflection  I  helieve  that  (*oi>e  i>  right  in  rejeriinvr  the  term  >qu.» 
mo'«al  for  this  element,  whatever  it  i>,  Parker  de^crihes  and  ti;.rures  the  opi>th(»tic  as  a  lar!.:e  e!e 
meni  in  the  snake  (I.e.).  occupying  its  usual  and  normal  position.  At  tin*  ^ame  time  it  i>  evrerd- 
ingl>  difficult  to  l>eiie\e  that  the  remarkahle  relalinns  of  the  hone  in  the  m<)>a>;nirs  can  W  those  of 
the  squamosal,  occupvinj;  almost  the  normal  l»o^i^ion  of  the  r«*al  oi>i^thoiic.  That  the  hont;  tailed 
the  prosquamosal  in  the  li/ards  is  not  the  s(iuamosaI  would  also  seem  i)rol)al>ir.  thoii'.4li  imi 
impossible.  I  prefer  to  call  the  elements,  until  it  lie  prov«-n  that  there  are  two  opisihotiis 
in  the  li/ard,  the  paroccipital  and  prosquamr^sal  with  Cope.  It  is  of  interest  to  note,  however,  ih.u 
Cope,  in  his  last  edition  of  the  S>llahus  ipuhlislied  posthumou^U  ),  retains  the  name  of  stinaino^.i! 
for  thi-  element  he  previously  called  the  supraifinporal  1?.  r..the  pro>(iuamo>al '.  h"urtlnT  on  h«- 
defines  the  plesiosaurs  as  follows:  ••  No  suprama>ti>id;  p.troccipital  not  distiiut;  a  (pjadrato  \\\i\\\ 
arch;  Tapula  triradiate;  nocla\irle;  rih>  one-headed."  Cope's  supramastoid  i>  the  hone  he  tli<iu::hi 
errone<»usl>  to  exist  in  the  skull  of  lifnoihi<<itn n<  snown.  that  i>.  the  real  squamosal  if  present.  ,\\u\ 
Andrews  assures  us  that  it  is  sometimes  pres(>nt  in  the  \onnu  animal.  1  do  not  underst.mi  what  is 
meant  hy  "  no  clavicle.''  unless  it  he  that  he  acij*jited  Hiilkes  drtermination  of  ihesr  eji-inenis  as 
the  ctinosternum,  a  suhject  which  will  he  di>ciisscd  further  on.  Hi  for;:ets  also  tliat  sohu'  plr^-io 
saurs  do  have  rudimentary  douhle-headed  rihs  in  tin-  cervical  rei:ion. 

N(»twithstanding  all  that  has  been  written,  the  homolojjies  of  tin-  trm|toral  bars  in  the  re;.ti;i.i 
are  yi-t  uncertain,  more  so  than  any  other  parts  of  the  reptilian  skull. 

t  Vertebrate  Paleontolojjy.  189S. 

gCieolojfical  Majra/ine.  1S9;.  p.  24?. 


26  FlKLl)    COLUMHIAN    MlSElM — GEOLOdV,    \'OL.    II. 

Anatomy),  is  the  petrosal  of  earlier  authors,  about  which  there  is  now 
no  discussion.  It  always  articulates  behind  wath  the  exoccipital  and 
paroccipital,  above  with  the  supraoccipital,  below  with  the  basi- 
sphenoid,  and  to  a  greater  or  less  extent  with  the  parietal  (in  certain 
lizards,  etc.),  the  alisphenoids,  when  present,  and  epipterygoids. 
The  epipterygoid,  the  columella  of  earlier  authors,  unites  the  ptery- 
goids  with  the  parietals  or  frontals.  It  has  been  supposed  to  be 
identical  with  the  alisphenoids  by  Baur  and  others,  but  Baur*  later 
retracted  this  opinion,  with  reason,  as  may  be  seen  by  an  inspection 
of  the  cranial  walls  of  Sphcnodon, 

The  alisphenoids  (orbitosphenoids  of  Owen)  articulate  with  the 
basisphenoid  below,  when  present,  and  with  the  petrosals  behind. 
In  the  crocodilia  and  Sphenodon  they  also  articulate  with  the  epiptery- 
goids.     They  seem  to  be  absent  in  the  plesiosaurs. 

The  bones  of  the  brain  capsule  in  our  specimen  of  Dolichorhyii' 
chops  had  been  separated  by  maceration  before  fossilization,  and  w'ere 
more  or  less  displaced  and  entangled  with  one  another.  Moreover, 
in  each  temporal  vacuity  there  had  lodged  deeply  a  thoracic  vertebra, 
wedged  in  and  causing  more  or  less  distortion  of  the  temporal  arches. 
The  atlas  and  axis,  also,  were  crowded  into  the  occipital  region. 
The  vertebrae  had  to  be  sacrificed  in  order  not  to  endanger  the  other 
bones.  Mr.  Martin,  with  great  care  and  patience,  removed  the 
disassociated  bones  of  thr  capsule  in  more  or  less  completeness. 
Thev  were  all  soft  and  mealy,  almost  of  the  consistency  of  brown 
sugar  when  wetted,  but  by  carefully  infiltrating  them  with  a  solution 
of  gum  arabic,  the  bones  were  hardened  bit  by  bit  and  then  removed 
from  the  matrix.  This  exposed  the  surface  of  the  basioccipital  and 
basisphenoid  in  their  entirety,  in  an  undisturbed  and  uninjured  con- 
dition. A  gelatine  mould  of  this  surface  was  then  made,  from  which 
a  plaster  cast  was  taken,  showing  the  sutiiral  surfaces  for  the  exoccip- 
itals  and  petrosals.  While  none  of  the  bones  wen?  obtained  quite 
complete,  yet  the  mates,  for  the  most  part,  mutually  indicate  the 
complete  characters  of  each,  thus  enabling  a  nearly  complete  restora- 
tion of  the  capsule  to  be  made.  And  the  results  have  been  well 
worth  all  the  trouble,  as  the  bones  present  certain  features  of  much 
interest. 

The  brain  cavity  is  broadly  open  in  front,  as  in  the  lizardst  and 
Sphcnodon,  with  a  broad  base  on  the  basisphenoid,  a  deep  depression 

*Z(><>1.  An/i-iger.  No.  2<)S.  iSV). 
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for  the  pituitary,  a  narrow  roof  under  the  parietal,  an  open  vacuity 
posteriorly  in  the  supraoccipitals,  and  ivith  a  relatively  large  otic 
capsule.  The  exofcipitu/s  unite  obliquely  with  the  basioccipital,  tak- 
ing no  part  in  the  formation  of  the  condyle.  The  paroccipital  pro- 
cesses are  small  and  slender,  and  there  is.no  indication  of  a  distinct 
ossification.  They  are  dilated  slightly  at  the  extremity,  where  they 
abut  against  the  upper  part  of  the  quadrate.  They  are  directed  down- 
ward and  outward,  the  distal  extremity  reaching  a  level  below  the 
top  of  the  occipital  condyle.  The  occipital  foramen  is  transversely 
oval,  if  the  upper  end  is  assumed  to  be  near  the  top  of  the  exocci- 
pitals,  which  show  a  slight  angularity  at  the  place  of  their  union  with 
the  separated  supraoccipitals.  At 
the  upper  posterior  extremity  of 
each  exoccipital  there  is  a  small, 
deeply  excavated,  angular  cavity, 
excavated  almost  wholly  from  the 
exoccipital,  its  upper  border  only 
touching  the  posterior  angle  of  the 
supraoccipital.  Its  excavated  sur- 
face is  smooth  and  sharply  angu- 
lar, looking  upward  and  inward. 
This  surface  probably  corresponds 
to  the    smooth    tendinous  surface 

Seen  on  the  outer  angle  of  the  supra-  Fis.  3. 

occipital,  extending  slightly  on  the         AVn *..«ijw*fl/i  istami. 

corresponding  angle  of  the  exocci-     ''"'"    "  '     " ""*"''  '" 

pital,    in    the    crocodile.      ;\t    the 
posterior     part,    the     exoccipitals     '""'■""'■''■ 
approach  each  other  rather  closely, 

leaving  about  four  millimeters  of  basioccipital  space  in  the  circumfer- 
ence of  the  foramen  magnum,  .\nteriorly,  however,  the  two  bones 
diverge  rather  widely,  terminating  a  little  posterior  to  the  suture 
separating  the  basioccipital  from  tht'  basisphenoid.  On  the  inner 
siile,  hack  of  the  middle  of  the  bone,  and  a  third  of  the  distance  above 
the  sutural  margin,  is  the  large  oval  foramen  for  the  vagus,  opening 
exteriorly  below  the  middle  of  the  moderately  expanded  paroccipital 
process.  The  smaller  foramen  for  the  hypoglossal  is  situated  mid- 
way between  this  and  the  posterior  margin,  and  nearer  to  the  sutural 
surface;  it  opens  near  the  vagal  orifice.  The  sutural  surface  for  the 
supraoccipital  is  flat  and  broadly  triangular,  pierced  near  its  middle 
by  a  small  foramen  leading  into  the  posterior  semicircular  canal  in 
the  supraoccipital,  the  floor  of  which  is  seen  on  this  surface,  leading 
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as  a  narrow  groove  to  the  inner  posterior  margin  of  the  surface. 
Posteriorly  the  slit  for  the  eighth  nerve  seems  to  be  a  little  above 
and  back  of  the  vagal  oi>ening,  in  the  interstice  between  the  exoccip- 
ital  and  petrosal.  The  large  cavity  of  this  bone  looks  backward  to 
communicate  broadly  with  a  similar  cavity  in  the  petrosal  on  the  inner 
side.  On  the  outer  side  there  is  a  small  foramen,  nearly  or  quite 
separated  from  the  inner  opening,  also  communicating  with  a  small 
foramen  in  the  opposed  sutural  surface  of  the  petrosal.  Externally 
the  exoparoccipital  shows  a  narrow  fossa  below  the  process,  into 
which  open  the  vagal  and  hypoglossal  foramina.  Above,  the  gently 
convex  surface  continues  into  the  similar  surface  on  the  sides  of  the 
supraoccipitals.  The  posterior  borders  of  the  exoccipital  and  supra- 
occipital  meet  in  an  obtuse'  angle,  which  is  excavated,  as  already 
described  for  ligamentous  attachment. 

The  supraoccipitals  are  not  only  parial,  but  they  arc  widely 
separated  from  each  other,  approaching  each  other  only  at  the  upper 
extremity  posteriorly.  They  enclose  between  their  smooth,  narrow 
edges  posteriorly  a  large  vacuity,  continuing  the  foramen  magnum 
quite  to  the  parietal  roof.  This  relation  of  these  bones  I  can  not 
find  paralleled  in  any  reptiles.  Though  paired  in  the  Stegocephalia, 
as  also  in  Parioiichus,  they  meet  in  a  median  suture.  Whether  this 
peculiar  structure  obtains  in  all  other  plesiosaurs  1  can  not  say, 
inasmuch  as  the  only  references  to  the  supraoccipitals  which  1  find 
in  the  literature  is  a  brief  one  by  Andrews*  concerning  the  bone  in 
the  young  of  Cryptoclidits,  in  which  nothing  is  said  of  a  similar 
structure,  and  a  notice  by  Owent,  who  describes  the  supraoccipital 
in   I^lcsiosaurus  ilolichoilcirus  as  a  single,   arched  bone. 

The  inferior  articular  surface  for  union  with  the  exoccipital  is  flat 
and  triangular  in  shape,  looking  downward  or  slightly  backward.  It 
is  pierced  near  its  middle  by  the  foramen  for  the  superior  semicircular 
canal.  The  sutural  surface  for  union  with  the  petrosal  meets  the 
exoccipital  at  an  angle  of  about  one  hundred  degrees,  and  is  flattened 
or  gently  concave,  and  shorter  than  the  other  sutural  surface.  The 
external  surface  is  moderately  convex,  and  a  little  roughened.  The 
posterior  border  is  thin  and  smooth,  deeply  concave  and  sinuous,  the 
upper  extremity  curved  inward.  The  inner  surface  is  quite  smooth, 
gently  convex  from  before  backward,  nearly  straight  to  its  upper 
third,  where  it  bends  strongly  inward.  The  posterior  border  is  short, 
thick,  convex  from  side  to  side,  and  concave  on  its  ui>per  part  before 
joining  the  sutural  surface.      The  sutural  surface  above,  for  union  with 
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the  parietal,  is  elongate  oval  in  shape,  slightly  convex  in  both  direc- 
tions, and  turned  obliquely  inward  posteriorly,  so  that  the  two  hones 
when  in  place  form  a  V.  The  surface  looks  forward  and  upward,  and 
joins  a  projecting  sutural  surface  of  like  shape  on   the  parietal  bone. 

Mandible. — From  the  exterior  of  the  mandible  four  elements  arc- 
visible,  arranged  much  as  in  the  crocodile  or  Spfuiiodon.  The  dent- 
ary  extends  far  back  along  the  upper  border,  quite  to  the  top  of  the 
coronary  eminence.  Thence  its  suture  runs  obliquely  to  a  little 
beyond  the  posterior  end  of  the  symphysis  on  the  lower  border.  The 
element  back  of  this  on  the  upper  border  is  doubtless  the  surangular, 
separated  from  the  angular  below  by  a  suture  placed  very  much  as  it 
is  in  the  crocodile,  beginning  at  the  extreme  posterior  end  of  the 
mandible.  The  bone  extends  anteriorly  as  an  elongated  point  between 
the  dentary  above  and  the  angular  below.  The  suture  separating  the 
element  from  the  articular  cannot  be  made  out.  The  two,  united, 
agree  quite  with  the  element  described  by  Guenther  in  SphctiodofK  and 
as  seen  in  a  specimen  fifty-eight  millimeters  in  length  before  me.  1 
distinguish  in  this  mandible,  as  did  Guenther  in  his,  only  four  elements 
— the  dentary,  which  reaches  far  back;  the  coronoid,  a  flat  triangular 
bone  occupying  its  usual  place;  the  articular,  inclusive  of  the 
surangular;  and  the  angular.  Baur*  describes  five  elements  in  a 
Sphirnodon  skull  fifty-six  millimeters  in  length.  The  articular  ht- 
restricts  to  a  small  nodule  or  disk  of  bone,  similar  to  that  of  the 
turtles,  forming  the  articular  surface;  the  surangular,  the  bon*.- 
before  the  cotylus,  which  he  indicates  as  separated  by  a  suture;  tht- 
angular  he  considers  to  be  the  inner  prolongation  of  the  l)one  which 
reaches  to  the  coronoid.  The  slender  bone  usually  calhd  the  anj<ular 
he  believes  to  be  the  splenial;  while  the  l)one  usually  called  the 
splenial  (presplenial,  Baur)  in  the  crocodile  and  lizard  he  brlirvts  to 
be  wanting  in  the  Sphemuion^  as  it  usually  is  in  the  turths.  Thi 
small  ossification  which  he  finds  in  thu  cotyhis  of  tht-  voun^ 
Sphenodon^  similar  to  the  element  in  a  like  place  in  tlu-  'rrstudiniUn.  ht 
assumes  to  be  present  in  all  reptilian  mandibles,  hut  is  oblit«iat«(l  in 
the  adult  skull  by  the  anchylosis  of  the*  suturt-.  1  certainly  do  not 
find  such  a  bone  in  the  Sphcnodcn  mandible-  before  nit,  nor  could  Guen- 
ther distinguish  such  an  element.  He  believes  then,  that  the  elenieni 
usually  considered  the  articular,  is  in  reality  composed  of  two  hoiu  s  — 
a  chondrogenous  articular  part  and  a  dermo^enous  ant»  rior  prolon<(a 
tion.  This  is  probably  true,  but  I  do  not  see  the  necessity  (jf  chany:- 
ing   the    names   of   the   other  anterior   elements   and    of    callinj^    this 

•American  Naturalist,  1891. 
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antLTior  prolongation  the  angular,  as  does  l-taur.  From  the  fact 
that  the  bone  on  the  inner  aide  of  the  dentary,  covering  Meckel's 
groove,  is  the  only  one  which  can  with  propriety  be  called  "splenial" 
(a  "  bandage  ''  or  "patch  "),  or  opercular  (a  cover),  it  will  be  better  to 
retain  the  former  name  for  the  element,  as  usually  applied,  and  to 
give  a  new  name  to  the  part  separated  from  the  articular,  wherever 
it  exists  as  an  independent  bone;  it  may  be  called  thu  />rriir/ifi//tir. 


1  assume  that  the  element  containing  the  cotylus  must  be  the 
iiith-iilar,  and  that  the  one  in  front  of  it,  back  of  the  coronoid  and 
dentary,  must  be  the  surangular,  tbongh,  as  already  stated,  1  can  find 
no  positive  evidence  of  a  separating  suture  in  the  present  specimen, 
as  is  also  the  case  in  the  adult  S/>/i<-ii,„l«ii  mandible.  Doubtless  in 
Slime  more  fortunately  preserved  specimen,  or  in  one  of  a  younger 
animal,  the  separating  suture  will  be  traced.  I  will  add  that  the 
suture  indicated  by  Cope*  in  bis  figure  of  the  skull  of  Cim,>/i,tiiiiirus 
siifjy'ii,  as  se|)ariitiiig  the  articular  from  the  surangular.  does  not  exist 
in  the  specimen:  the  place  is  indicated  by  a  mere  groove  only. 

The  a'>x"!-"-  is  very  long,  and  is  extensively  visible  from  both 
within  and  without.  On  the  outer  side  it  is  seen  reaching  to  a  little 
beyond  tile  proximal  end  of  the  symphysis,  wIicTe  the  pointed  extrem- 
ity ih  visilily  Intercalated  between  the  dentary  and  a  small  portion  of 
th.  splenial.  On  tlie  inner  side,  ihv  snCure  follows  inward  below  the 
colybis  to  the  anterior   inner  angle  of  the  articulation,  near  which   it 


upward  to  i 


the   pr. 


t  but  its 


made 
spleni 


inpliysis. 
On    the 


■ular. 

Th< 

■  bone 

passes  beneath 

.   with 

tile 

surauf; 

;iilar  cannot  be 

l.r  of 

Me. 

rkel's 

groove  and  the 

ulil.le. 

r   tlK 
I  her 

■  pruxi 

mal   end   of   the 
1    extraordinary 

ich  de 

atlon.  1 

1  interpret  them 

Apr.  1903.     North  American  Plesiosaurs — Williston. 


31 


as  the  splenial  (presplenial  of  Baur),  the  prearticular  (angular  of 
Baur),  and  the  coronoid.  The  identity  of  the  splvnial  is  assured.  It 
has  been  dislodged  upward  slightly,  disclosing  the  narrow  Meckelian 
groove,  which  terminates  in  an  orifice  at  the  proximal  end  of  the 
splenial.  The  bone  ends  posteriorly  below  the  coronoid  eminence. 
Anteriorly  it  broadens  so  as  to  cover  all  but  the  upper  inner  part  of 
this  surface,   uniting  with  its   mate  to  form   the   symphysis.      From 


Fig.  5. 

Left  mandibie  to  sympliysis  of  Dolic/iorhynvho/^s  osboriti.  art.,  articular;  /r.?..  prearticular; 
fur..  surangular;  cor.,  coronary:  .v/..  splenial.     Compare  also  PI.  II. 


below,  the  thickened  bone  forms  the  inner  part  of  the  symphysis  for  a 
short  distance  forward,  at  least.  How  far  it  extends  can  not  be  deter- 
mined, as  it  gradually  becomes  thinner  and  disappears  from  view. 
(See  PI.  II.) 

The  bone  which  1  determine  as  the  coronoid  is  most  peculiar, 
remarkably  unlike  that  in  any  other  animal  which  I  know.  It  is  a 
long,  slender,  flattened,  trihedral  bone,  extending  far  forward,  and 
like  the  splenial,  meeting  its  mate  in  the  median  symphysis.  It 
extends  as  far  back  as  the  end  of  the  dentary,  along  its  inner  side,  to 
the  most  elevated  part  of  the  surangular,  where  it  is  thin  and  spatu- 
late.  It  follows  the  inner  margin  of  the  dental  border  of  the  dentary, 
apparently  at  least  as  far  as  the  middle  of  the  symphysis.  At  the 
beginning  of  the  symphysis  with  its  mate,  the  bone  is  somewhat  tri- 
angular in  cross-section,  with  its  thin  margin  below  touching  the 
splenial:  the  mesial  surface  is  in  contact  with  that  of  its  mate,  while 
the  upper  surface  is  narrow.  On  one  side  the  bone,  while  still  retain- 
ing its  proper  relation  with  that  of  the  opposite  side,  has  been  par- 
tially  dislocated  from  the  mandible,  so  that  there  can  be  no  (question 
of  its  morphological  relations  to  the  contiguous  elements.* 

Between  the  splenial  and  the  coronoid,  on  the  inner  side,  is 
seen  a  narrow,  thin  bone,  corresponding  quite  to  the  dermogenous 
portion  of  the  articular  in  the  turtles  and  Rhynchocephalians,  that  is, 

•This  peculiar  relation  of  the  coronoid  is  well  illustrated  in  ti;;.  13.  p.  476.  vol.  x.vxvii.  of  the 
Quarterly  Journal  of  the  (leological  S')ciety,  in  Prof.  Siillas"  artich-  on  "  A  New  .Species  of 
Plesiu^aurus  fn)ni  the  Lower  IJas  of  Charniouth." 
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the  angular  of  Baur.  It  lies  above  the  splenial,  disappearing  beneath 
the  coronoid  anteriorly.  Posteriorly  it  is  joined  by  a  suture  with  the 
articular,  approaching  but  not  quite  entering  into  the  cotylar  surface, 
or  if  so,  only  to  a  slight  extent.  This  end  has  been  dislodged  slightly 
from  its  normal  position  and  is  slightly  twisted  upward.  It  is 
scarcely  possible  that  this  is  due  to  fracture,  since  the  surface  has  all 
the  indications  of  a  suture,  and  a  fracture  could  hardly  have  occurred 
here  without  injury  to  the  bone  underneath.  The  end  is  slightly 
thickened  and  fits  into  a  pit  on  the  anterior  upper  part  of  the  articu- 
lar rim;  just  below  the  suture,  separating  it  from  the  articular,  there 
is  a  longitudinal  ridge-like  roughening,  and  a  narrow,  deep  pit.  This 
element  I  call  the  preariicular. 

For  the  sake  of  comparison,  I  have  figured  in  PI.  V  the  mandi- 
ble of  ^/^//^v/r^^/rv/,  Crocoiiilus^  Chelydra^  Varanus^  with  the  interpretation 
ot  the  elements  as  here  accepted. 

The  bones  of  the  skull,  as  of  the  entire  skeleton,  seem  to  have 
had  a  sort  of  postmortem  plasticity.  Apparently  during  life  the 
sutures  everywhere  were  free,  and  the  parts  all  readily  separable,  and 
wherever  the  bones  have  been  disturbed  or  distorted  the  sutures  have 
pulled  apart  and  widened.  Where  there  has  not  been  such  disturb- 
ance, however,  the  sutures  are  often  obliterated,  the  elements  fusing 
together.  This  would  seem  to  indicate  youth,  but  plasticity  in  the 
Cretaceous  skeletons  was  largely  due  to  the  composition  of  the  bones, 
which  may  have  been  more  or  less  persistent  throughout  life.  Those 
in  which  the  inorganic  proportions  were*  large  have  suffered  less  from 
postmortem  disturbances  than  those  in  which  the  organic  material  was 
considerable.  Bird  bones  were  never  plastic,  and  very  rarely  are  the 
bones  crushed,  the  cavities  being  filled  with  crystalline  material  often. 
Of  the  pterodactyls,  however,  the  bones  are  invariably  found  crushed, 
though  presenting  little  evidence  of  plasticity.  Among  the  mosasaurs, 
the  more  firmly  ossified  bones  of  Clidastcs  are  kss  often  changed  in 
shape,  while  the  Tylosaurs,  on  the  other  hand,  were  more  or  less 
subjected  to  a  plastic  distortion.  The  structure  of  the  plesiosaur 
hones  in  all  that  1  have  seen  is  unusuallv  soft. 

Vertebr/e.  -Atlas  and  axis.  (PI.  XXII.)  The  atlas  has  the 
usual  number  of  elements,  the  intercentrum  and  the  two  side  pieces, 
or  neurapo]^hyses.  It  will  be  convenient,  however,  to  describe  in 
this  connection  the  parts  of  the  whole  axial  and  atlantal  complex,  that 
is,  in  addition  to  the  odontoid,  the  axial  intercentrum  and  the  axial 
centrum  and  arch.  The  arrangement  of  all  these  parts  is  very  like 
that  in  the  lizards,  crocodiles  and  various  other  reptiles,  save  that  the 
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structure  is  somewhat  more  primitive  or  generalized.  The  atlantal 
intercentrum  is  the  largest  element  of  the  complex,  save  the  axial 
centrum.  It  has  five  articular  surfaces  for  union  with  as  many  bones  ; 
four  of  these  surfaces  are  sutural,  and,  doubtless  in  old  animals  or  in 
other  species,  the  sutures  maybe  obliterated.  The  inferior  or  ventral 
surface  has  an  obtuse  ridge  along  the  middle,  on  either  side  of  which 
the  surface  is  flattened  or  a  trifle  convex.  This  surface  is  free,  and 
its  anterior  and  posterior  margins  are  parallel.  The  anterior  or 
cephalic  surface  is  concave  for  articulation  with  the  hemispherical 
occipital  condyle,  its  rim  forming  more  than  one-third  of  the  entire 
circumference  of  the  cup.  The  posterior  surface  is  flat,  elongated 
triangular  in  shape,  with  a  V-shaped  emargination,  for  articulation 
with  the  axial  intercentrum.  Dorsally  the  bone  articulates  by  a 
broad  sutural  surface  with  the  odontoid,  except  on  the  cephalic  part 
of  each  lateral  margin,  which  unites  by  a  small,  semi-oval  surface  with 
the  neurapophysis. 

The  axial  intercentrum  is  not  unlike  the  atlantal  in  shape,  when 
seen  from  the  ventral  side,  though  smaller.  Its  ventral  surface  con- 
tinues the  obtuse  ridge  of  that  intercentrum,  but  it  is  here  quite 
prominent,  the  nearly  square  free  surface  on  either  side  being  dis- 
tinctly concave.  The  posterior  surface  for  sutural  union  with  the 
body  of  the  axis  is  flat  or  gently  concave  ;  its  free  margin  is  broadly 
V-shaped,  with  the  inferior  angle  rounded ;  the  dorsal  margin  is 
gently  concave  in  the  middle  to  the  truncated,  very  broad  ar.ns  of  the 
V.  The  cephalic  sutural  surface  is  flat,  for  union  with  the  atlantal 
intercentrum,  and  like  that  of  this  bone,  its  surface  is  broadly  tri- 
angular in  shape.  On  either  side  the  bone  articulates,  through  the 
greater  part  of  its  extent,  by  an  oblique,  concavt*  surface  with  the 
axial  rib,  forming  part  of  the  pit  for  the  reception  of  that  bone.  Its 
upper  lateral  part  unites  by  a  small  surface  with  the  odontoid,  form- 
ing with  it  and  with  the  axis  the  compkte  margin  of  the  rib-pit. 
Dorsally  the  bone  articulates  on  its  caudal  half  with  the  axis  :  on  its 
cephalic  half  with  the  odontoid. 

The  odontoid,  or  atlantal  centrum,  unites  pcxstcriorh'  bv  a  broad, 
flattened,  sutural  surface  with  the  body  of  the  axis.  On  the  cephalic 
side  there  is  a  concave  surface  in  the  middle,  occupying  about  one- 
half  of  the  diameter  for  articulation  with  the  condyle,  the  deep  cup 
being  completed  ventrally  by  the  atlantal  intercentrum  and  on  the 
sides  by  the  neurapophyses.  Dorsally  the  neurapophyses  leave  a 
small  notch  of  the  rim  incomplete,  which  is  partly  filled  out  by  tlu' 
odontoid,  making  the  diameter  of  the  cupped  surface  of  this  bone 
greater  dorso-ventrally  than  from  side  to  side.       The  sides  of  the  bone 
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have  a  free,  irregularly  trapezoidal  surface,  the  longer,  cephalic  bor- 
der articulating  with  the  atlantal  neurapophysis,  the  caudal,  oblique 
border  with  the  axial  intercentrum,  the  ventrocaudal  angle  with  the 
axial  intercentrum,  and  the  ventral  part  of  the  caudal  border  with  the 
axial  rib,  its  dorsal  angle  touching  the  axial  neurapophysis.  The 
ventral  side  of  the  body  unites  suturally  with  the  intercentra.  On  the 
dorsal  surface  there  is  a  narrow,  free  space,  which  helps  form  the 
floor  of  the  neural  canal. 

The  lateral  pieces  or  neurapophyses  are  composed  of  a  large  body 
for  sutural  union  with  the  other  elements,  and  a  small,  laminar, 
dorsal  projection,  which  is  free.  The  body  is  irregularly  five-sided, 
the  external  free  surface  convex  dorso-ventrally.  The  cephalic  sur- 
face is  smooth  and  concave,  forming  the  lateral  rim  of  the  condylar 
cavity.  Ventrally  a  small  articular  surface  is  for  union  w^th  the 
condylar  rim  of  the  atlantal  intercentrum;  the  border  nearly  parallel 
with  the  upper.  Caudad,  there  is  a  small  articular  surface  for  union 
with  the  arch  of  the  axis;  the  long  border  between  these  two  joins  the 
lateral  surface  of  the  odontoid;  the  dorsal  surface  sends  a  flat  pro- 
jection backward  to  touch,  or  nearly  touch  the  small,  vestigial 
prezygapophysis  of  the  axis;  this  lamina  is  continued  into  a  small,  flat 
process,  the  vestige  of  the  neural  lamina.  These  neurapophyses  are 
peculiar  in  articulating  at  their  base  for  a  short  distance  with  the 
neurapophyses  of  the  axis,  doubtlessly  corresponding  to  the  articular 
surfaces  between  the  body  of  the  axis  and  the  lateral  masses  of  the 
atlas  in  the  mammalian  vertebrae.  It  is  very  plainly  evident,  there- 
fore, that  the  name  zygapophysis,  when  applied  to  this  articulation  in 
the  mammalian  axis  and  atlas  is  incorrect — the  real  zygapophyses  are 
completely  lost. 

The  atlas,  as  a  whole,  is  of  a  primitive  and  generalized  character, 
in  that  the  neurapophyses  are,  for  the  most  part,  borne  by  their  own 
centrum,  and  the  atlantal  arch  only  in  small  part  by  the  atlantal 
intercentrum. 

The  axis  has  its  anterior  surface  flattened  for  sutural  union  with 
the  odontoid.  On  the  cephalic  ventral  part  is  received  the  axial 
intercentrum,  the  lines  of  the  union  reachirig  midway  of  the  body  on 
the  ventral  side.  The  pit  for  the  reception  of  the  rib  is  very  large  and 
deep,  and  is  formed  in  part  by  the  odontoid  and  intercentrum.  The 
pedicles  of  the  arch  are  stouter  and  broader  than  in  the  following 
vertebra',  articulating  in  front  with  the  lateral  jlieces  of  the  atlas, 
and,  to  a  slight  extent,  with  the  odontoid.  The  prezygapophyses 
are  represented  by  a  small  tubercle,  approximated  to  the  flattened 
])OSterior  process  of  the  lateral  atlantal  pieces.      Back  of  this  there  is 
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a  thickened,  rugose,  horizontal  ridge,  reaching  to  the  intervertebral 
notch.  The  posterior  zygapophyses  are  situated  rather  high,  and  do 
not  differ  materially  from  the  same  processes  in  the  following  verte- 
bra?.  The  spine  is  incomplete  posteriorly,  but  seems  to  have  been 
short,  stout  and  much  inclined. 

The  structure  of  the  plesiosaurian  atlas  and  axis  has  been 
described  by  Owen,*  Huxleyf  and  Barratt.J  In  the  specimen  of  a 
Plesiosaurus  described  by  Barratt  the  different  elements  were  sep- 
arated and  were  for  the  most  part  complete.  The  neurapophyses 
differ  markedly  in  their  expansion  inward  to  form  a  roof  for  the  neural 
canal,  though  they  do  not  touch  each  other.  The  atlantal  intercen- 
trum  also  differs  in  its  posterior  projection  into  *'two  long  processes," 
which  are,  however,  broken  away,  leaving  only  their  bases.  The 
axial  rib  seems,  to  articulate  with  the  axis  and  axial  intercentrum 
only.  In  Plesiosaurus  ctherid^^ii^  the  atlas  and  axis  of  which  are 
described  by  Huxley,  the  bases  of  the  atlantal  neurapophyses  are 
much  larger  and  meet  above  the  odontoid.  In  Plesiosaurus pachyomus^ 
as  described  by  Owen,  **the  anchylosed  bases  of  the  neurapophyses 
form  the  upper  border  of  the  cup,"  and  the  atlantal  intercentrum 
**  develops  a  thick  but  short  rough  tuberosity  from  its  under  part," 
and  the  rib  projects  from  the  centrum  of  the  axis  only.  The  pro- 
cesses were  all  broken  away. 

It  is  seen  that  the  structure  in  Doliehorhynchops  is  more  special- 
ized  ihan  in  these  species  of  Plesiosaurus, 

The  atlantal  and  axial  intercentra,  variously  considered  by  differ- 
ent authors  as  **  subvertebral  wedge-bones,"  hypapophysus  or  hypo- 
centra,  are  correctly  homologized  by  Baur, S  Alhrechtjl  and  Osborn.^ 
It  is  a  little  interesting  to  note,  however,  that  Owen  (1.  c.)  long  ago 
gave  a  correct  hint  of  their  homology:  '*  According  to  the  latter  view. 
what  has  usually  been  regarded  as  the  centrum  or  body  of  the  atlas 
in  Saurians,  Chelonians  and  the  higher  V'ertebrata,  would  be  the 
ha?mapophyses  of  that  vertebra;  and  the  odontoid  process  the  true 
centrum."  He  concludes,  however,  that  thusc  elements  arc-  **  detached 
cortical  parts  of  the  real  centrum;"  though  later  he  correctly  comparts 
them  with  the  hypocentra  of  the  labyrinthodonts. 

Perhaps  the  most  primitive  and  unchanged  condition  of  these  ek- 

♦  Ann.  Majr.  Nat.  Hist,  xx,  217,  i8ro. 
tdeolojjical  Journal.  i8?S. 
X  Ann.  Majf.  Nat.  Hist.  Nov.  i8s8. 
8  .American  Naturalist,  1887,  St* pt..  p.  X3Q. 
,  Bull.  .Mus.    Roy.  d'hist.  Nat.  de  Belg.  ii,  iSf. 
•;  Mem.  .\mer.  Mus.  Nat.  Hist.  i.  p.  1^7. 
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ments  in  the  reptilia  is  found  in  IchthyosauruSy  in  which,  as  shown 
in  the  figures  given  of  the  axis  and  atlas  by  Owen,  the  intercentra 
of  the  first  three  vertebrae  occupy  nearly  their  normal  and  unaltered 
relations  to  the  vertebra?.  It  is  difficult  to  understand,  however,  how- 
such  a  primitive  condition  of  these  parts  could  have  been  inherited 
from  a  terrestrial  ancestor.  In  the  plesiosaurs  the  specialization  has 
been  carried  further,  still  the  structure  is  yet  more  primitive  than  is 
known  in  any  modern  reptiles  and  in  most  of  the  extinct.  We  cer- 
tainly can  look  for  ancestral  forms  of  these  vertebrae  among  the 
Stegocephjilia  or  Anomodonts  only;  in  all  other  reptilia  they 
have  acquired  too  great  specialization  to  easily  revert  to  the  gen- 
eralized structure. 

In  the  modern  crocodiles  the  specialization  has  been  carried  so 
far  that  the  axial  rib  has  become  supported  by  the  atlantal  centrum 
only,  while  the  atlantal  rib  has  been  pushed  forward  on  the  atlantal 
intercentrum. 

It  is  of  interest  to  observe  that  in  Shastosaurus  of  the  earlier  Ich- 
thyopterygia,  according  to  Merriam,  there  were  probably  five  inter- 
centra present  in  the  anterior  cervical  region,  while  in  Ichthyosaurus 
there  are  but  three,  and  in  the  more  specialized  forms,  Baptanodon^* 
they  have  entirely  disappeared. 

Beyond  the  axis  there  are  seventeen  distinctly  cervical  vertehnc 
preserved,  together  with  one  or  two  transitional  ones,  which  must  be 
classed  with  the  dorsals,  however.  I  believe  that  these  were  all  that 
the  animal  possessed,  though  *it  is  possible  there  may  have  been  one 
or  two  more.  The  arches  and  ribs  of  all,  savt'  of  the  third,  were 
detached  and  scattered  about  among  the  other  bones,  so  that  much 
difticulty  was  encountered  in  properly  associating  the  parts.  Because 
of  a  gradual  increase  in  size  of  the  ribs  and  arches,  as  well  as  the 
centra,  it  would  seem  that  the  final  collocation  made  is  correct,  and 
because  all  these  processes  agree  in  number  it  would  seem  still  more 
probable  that  no  vertebra?  are  missing.      (See  Pis.  \'I-IX.) 

The  centra  increase  in  height  and  width  gradually  throughout  the 
series.  The  third  has  a  transverse  diameter  of  thirty-five  millimeters, 
a  height  of  thirty  and  length  of  twenty-eight.  The  sixteenth  centrum 
has  its  corresponding  diameters  as  follows:  forty-five,  thirty-eight  and 
twenty-six.  The  three  following  are  somewhat  distorted,  but  seem 
likewise  to  increase  slightly  in  height  and  width.  It  will  be  observed 
that  the  length  is  nearly  or  (juite  the  same  in  all,  the  differences  being 
exhibited  in  the  width  and  height  only.  The  articular  surfaces  of  the 
centra  are  gently  and  evenly  concave,  with  a  slight  rounded  eminence 
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in  the  middle  of  the  concavity,  sometimes  apparently  obsolete.  The 
margins  are  rounded,  the  cartilaginous  borders  limited  exteriorly  by 
a  slender,  smooth  line.  On  the  ventral  surface,  near  the  middle 
antero-posteriorly,  there  are  two  vascular  foramina,  at  the  bottom  of 
a  slight  depression,  and  separated  from  each  other  by  a  rounded 
ridge.  Posteriorly  the  distance  between  these  foramina  becomes 
greater.  The  pit  for  the  articulation  of  the  cervical  rib  occupies 
nearly  the  whole  length  of  the  centrum,  between  the  cartilaginous 
margins,  and  reaches  also  nearly  to  the  plane  of  the  neural  sur- 
face. The  ribs  increase  in  length  and  width  from  the  axis  to  the 
beginning  of  the  thorax.  They  are  single  headed,  flattened,  with  the 
free  extremity  moderately  dilated  and  thinned,  except  those  of  the 
axis,  which  are  more  styliform,  and  are  directed  more  obliquely  back- 
ward. On  the  following  vertebrx*  they  are  directed  outward  and 
backward,  with  the  distal  extremity  rounded,  except  in  those  of  the 
anterior  vertebra?,  where  the  anterior  part  distally  is  slightly  angu- 
lated,  as  though  suggesting  a  rudimentary  anterior  projection.  The 
spines  slope  gently  backward.  They  increase  but  little  in  length, 
that  of  the  third  vertebra  measuring  forty-eight  millimeters  in  length 
while  that  of  the  last  is  but  fifty-five  above  the  zygapophyses.  They 
increase  in  stoutness,  however,  much  more  than  in  length,  the  ante- 
rior ones  being  slender,  the  posterior  broad  and  thick  with  a  some- 
what expanded  cartilaginous  extremity.  The  zygapophyses  are 
broadly  separated  throughout,  with  an  obliquity  of  about  thirty 
degrees  from  the  dorsoventral  plane.  They  are  broadly  oval  in  out- 
line, of  large  size  and  nearly  flat.  They  project  strongly  from  the 
body  of  the  vertebra,  leaving  a  space  of  about  ten  millimeters  in 
extent  between  the  centra,  when  in  close  articulation,  for  the  inter- 
vening  cartilage.  The  diameter  of  the  spinal  canal  throughout  the 
series  is  about  fifteen  millimeters.  Upon  the  floor  of  the  canal  there 
are  two  venous  foramina,  near  the  middle. 

Thirty  dorsal  vertebra*  were  found  in  the  matrix.  The  arches 
were  invariably  separated  from  the  centra,  and,  because  of  the  general 
resemblance  of  the  latter  it  is  impossible  to  say  whether  all  have  been 
correctly  associated.  The  centra  were  in  large  part  crushed  or  com- 
pressed, and  in  some  cases  were  so  soft  that  it  was  found  impossible 
to  remove  them  entire.  Two  of  the  arches  were  wedged  into  the 
temporal  fossa;  of  the  skull  in  such  a  way  that  it  was  found  net  essar\ 
to  largely  destroy  them  in  cleaning  the  skull.  In  general,  the  spims 
of  the  dorsal  region  were  so  soft  and  frail,  intermingled  as  the\  were-, 
that  they  could  not  be  removed.  A  large  part  of  them,  hence,  have 
been  modeled  in  the  restored  skeleton.      Because,   however,    of   not  a 
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few  arches  that  were  recovered  complete,  or  nearly  so,  from  different 
parts  of  the  series,  the  restoration  of  the  intervening  parts  of  the 
series  has  presented  few  difficulties. 

The  spines  decrease  very  slightly  in  height,  in  breadth  and  in 
thickness.  Anteriorly  they  are  directed  somewhat  backward,  but 
soon  become  quite  vertical  in  position.  In  the  posterior  cervical  and 
anterior  dorsal  region  the  spines  present  a  much  larger,  oval  and 
truncate  extremity  for  ligament  or  cartilage;  this  surface  measures 
fronx  twelve  to  fifteen  millimeters  in  width  in  some  of  the  posterior 
cervicals.  In  the  posterior  dorsals  the  extremity  is  narrow— three  or 
four  millimeters  in  width.  The  first  diapophysis*  is  small,  for  the 
attachment  of  a  small,  short  rib,  and  is  situated  low  down  on  the 
pedicle, t  close  to  the  sutural  surface.  The  next  is  much  stouter  and 
longer,  for  the  attachment  of  a  long  and  strong  rib.  The  next  two  or 
three  ascend  progressively  on  the  pedicle,  until  in  the  fifth  the  upper 
margin  of  the  root  is  above  the  plane  of  the  anterior  zygapophyses. 
They  retain  this  position  throughout  the  series,  the  last  two  or  three, 
only,  descending  toward  the  centrum.  The  diapophyses  have  ac- 
quired their  greatest  length  by  the  sixth  or  seventh,  and  are  directed 
upward  and  outward.  In  the  articulated  skeleton  there  is  a  deep 
costo-spinal  groove  on  either  side.  The  zygapophyses  are  largest 
and  stoutest  in  the  posterior  cervical  region,  decreasing  gradually  in 
size,  and  becoming  obsolete  at  the  base  of  the  tail.  Throughout  the 
dorsal  region  they  are  but  slightly  cupped,  and  are  directed  dorsad 
and  ventrad,  at  only  a  slight  angle  from  the  median  i>lane.  There 
are  no  indications  whatever  in  any  region  of  a  zygosi)hene.  The 
centra  throughout  this  region  were  more  or  less  crushed  in  the 
specimen,  but  seem  to  be  very  uniform  in  character.  Their  size  is 
but  very  little  different  from  that  of  the  posterior  cervicals,  their 
length  no  greater:  the  venous  foramina  on  the  \-entral  side  become 
gradually  more  remote  from  each  other. 

Some  of  the  i/orsa/  ri/>s  were  so  badly  decomposed  that  they  could 
not  be  recovered  from  the  matrix:  otlurs  were  so  intermingled  with 
other  bones  that  they  could  not  be  removed  entire.  The  larger  part, 
however,  have  been  recovered  and  restored  nearly  to  their  living 
condition.  The  anterior  long  ribs  arc  fiatttntd,  with  an  expanded 
head,  only  moderately  curved  and  with  tlu-  distal  extremity  only  a 
little    attenuated,    the    cartilaginous   continuation  evidently  of  some 

♦Bnnr  (Aiiatom.  An/eicr  ix.  N<>.  4.  ls<»;i.  p.  120i  would  rc-trict  tlii>  tcriu  to  the  process  bcariiiir 
thf  head  of  the  ril>  in  the  Staju'dilrra. 

•T-Sooley  has  proposed  to  call  these  vertehr;t  in  \vhi(  h  tin-  rib  is  .i>-ctiidiny  trnm  the  centrnm. 
;>eciorali>. 
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length.  The  posterior  ribs  are  short,  less  flattened,  with  a  less 
expanded  head  and  with  a  pointed  distal  extremity.  From  the 
position  of  the  diapophyses  anteriorly,  it  is  quite  evident  that  the  ribs 
were  directed  much  more  outwardly  than  downwardly.  In  the- 
restored  skeleton,  the  transition  from  the  long  to  the  short  ribs  has 
been  made  gradual,  and  two  or  three  on  each  side  have  been 
modeled  here.     (See  PI.  XI.) 

About  fifteen  ventral  ribs  were  preserved:  others  have  undoubtedly 
been  lost.  Only  one  is  symmetrical;  it  is  about  thirty  centimeters  in 
length  and  is  thickest  near  its  middle,  tapering  to  a  point  on  each 
side,  and  has  a  moderate  curvature.  The  others  preserved  measure 
from  twelve  to  sixteen  centimeters,  and  have  a  thickness  near  their 
middle  of  about  ten  millimeters.  They  are  gently  curved,  irregularly 
prismoidal  in  section,  and  taper  to  a  point  at  each  extremity.  Because 
of  \\vtt\x  number  and  the  scattered  positions  in  which  they  were  found, 
it  has  not  been  possible  to  arrange  them  in  the  mounted  skeleton  with 
any  degree  of  precision.  In  the  known  European  specimens  they 
form  a  double  series  of  three,  with  a  larger  symmetrical  median  one. 
Abdominal  ribs  are  known  only  in  the  crocodilia,  rhyncocephalia 
pterosaurs,  ichthyosaurs,  dinosaurs  and  plesiosaurs. 

The  caudal  vertebrae  were  found  at  some  little  distance  from  the 
remainder  of  the  skeleton,  and  for  the  most  part  had  been  collected 
separately  by  Mr.  Sternberg.  The  processes,  as  elsewhere  in  the 
column,  had  been  separated,  and  were,  many  of  them,  found  variously 
intermixed  with  the  other  bones.  Both  the  centra  and  the  processes, 
however,  were  in  excellent  condition,  as  were  those  of  the  ntck,  in 
marked  contrast  to  the  dorsal  vertebrae.  Tlie  last  twelve  tapir  so 
uniformly  that  it  is  quite  certain  they  all  belonged  together,  and  that 
no  intervening  ones  were  missing.  This  series  has  a  diameter  of 
forty  millimeters  at  the  beginning  and  only  twelve  at  the  extremity, 
with  lengths  respectively  of  twenty-five  and  twelve  millimeters.  The 
greatest  decrease  in  size  occurs  in  the  last  five  or  six  of  the  series. 
These  distal  five  or  six  have  the  shortening  much  more  pronounced 
on  the  dorsal  than  on  the  ventral  side,  indicating  a  well-marked 
upward  curvature  of  the  extremity  of  the  tail.  Because  of  the  rapid 
change  in  the  characters  of  these  vertebrae  there  has  been  no  difficulty 
of  associating  the  processes  with  their  respective  vertvbrae.  The 
spines  in  the  early  ones  of  the  series  slope  at  a  moderate  an^le  back- 
ward, the  obliquity  being  greatest  in  the  twelfth  from  the  end.  In 
the  last  six,  the  spines  are  much  shorter  and  stand  nearly  vertically, 
or  even  with  an  anterior  slope.  The  diameter  of  the  last  centrum 
preserved  indicates  the  presence  of  two,    or  perhaps   three  smaller 
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ones  forming  the  extreme  tip  of  the  tail;  these  must  have  been  mere 
nodules  of  bone,  without  processes.      (See  PI.  X.) 

Several  other  vertebrae  are  assigned  to  the  caudal  series,  chiefly 
on  the  evidence  of  the  venous  foramina  on  the  ventral  side  of  the 
centra,  though  they  have  no  facets  for  the  chevrons.  Between  these 
and  the  continuous  series,  four  vertebrae  have  been  intercalated;  the 
number  may  be  too  great;  possibly  not  enough.  That  some  were 
missing  is  quite  certain,  since  the  change  in  the  direction  of  the  spine 
is  too  abrupt  in  the  ones  preserved.  Because  the  tail  as  restored 
seems  to  be  of  about  the  length  of  some  other  known  forms,  1  am 
inclined  to  believe  that  the  number  of  the  caudal  vertebrae,  all  told, 
did  not  exceed  twenty-five.  All  those  preserved,  except  the  anterior 
ones,  show  a  nearly  circular  and  somewhat  cupped  surface  on  each 
side  for  the  attachment  of  the  ha'mapophyses.  The  separate  branches 
are  directed  downward,  outward  and  backward.  They  are  somewhat 
flattened  and  expanded  distally,  except  the  distal  ones,  which  are 
more  rod-like.  The  diapophyses  or  ribs  of  the  connected  series 
spring  from  near  the  middle  of  the  centra  dorso-ventrally,  and  are 
directed  outward  horizontally,  the  most  posterior  ones  also  slightly 
forward.  They  have  a  somewhat  expanded  extremity,  with  a  cartilag- 
inous margin.  At  the  beginning  of  the  series  they  arise  near  the 
middle  of  the  centra  antero-posteriorly,  but  gradually  approach  the 
anterior  margin.  They  terminate  as  free  ribs  on  the  seventh  before 
the  L-nd,  that  is  on  the  ninth  or  tenth  before  the  extreme  tip  of  the 
the  tail.  The  sixth  has  a  small  exogenous  tubercle  to  represent  the 
proct-ss.  None  of  the  caudal  vertebne,  save  at  the  immediate  base, 
have  functional  zygapophyses,  and  the  tail  was  evidently  capable  of 
considerabK*  lateral  and  vertical  movements.  There  are  no  indications 
whatever  of  a  terminal  tin,  unless  the  upward  curvature  of  the  tip  of 
the  tail  suggests  such  an  appendage.  Its  use,  however,  could  not 
have  been  great,  since  the  evident  shortness  of  the  tail,  and  its  inter- 
tennc  e  with  the  hind  limbs  would  have  deprived  it  of  much  service 
as  a  propelling  organ. 

Pectoral  Girdle. — The  siii/>i//ii  is  of  the  usual  triradiate  shape. 
The  <^oracoid  or  glenoid  ramus  is  short  and  rather  stout,  some- 
what expanded  at  the  extremity,  with  the  two  articular  facets 
meeting  in  an  obtuse  angle,  tlu-  larger,  oval  one  for  the  glenoid 
articulation  ;  the  smaller,  triangular  one  for  union  with  the  cora- 
(.u'\i\.  The  dorsal  ramus  is  narrowest,  is  rather  stout,  thickened 
on  the  posterior  and  thinned  on  tht-  anterior  border;  it  termi- 
nal! s     in     a     flattened     surface     for    attachment     of     a     suprascapu- 
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lar  cartilage.  The  ventral  or  clavicular  (proscapular)  extremity 
is  broad  and  thin  and  deeply  concave  on  itR  visceral  surface. 
Its    inner    border    is   rounded  for    the    most   part    and    thin,    except 


on  the  anterior  part,  where  it  is  moderately  thickened,  as  though  for 

cartilage.      The  posterior  and  inner  border  is  quite  thin  throughout 

and  evenly  concave,  forming  the  outer  anterior  border  of  the  scapulo- 

coracoidal    foramen.     The  anterior  border    is   sinuous  and  thinned, 

having  a  knife-like  edge  throughout  its  whole  extent.      Tht-  exterior 

border,  between  the  glenoid  and  suprascapular  extremitifs.  is  deeply 

concave,  with  themar- 

gin    thickened    and 

convex.      The  ventral 

surface    of  ihe  bones 

forms  two  nearly  flat 

plants,    meeting  in   a 

straight.       prominent 

ridge,   which    extends 

from  the  ventral  side 

of  the  anterior  border 

of  the  glenoid  surface 

to  the  anterior  angk- 

of  the' ventral  ramus. 

The  two  surfaces  meet 

in     a    very    obtuse     M.-iim.'iip.  i-nr  i,,,it  tKnur.ii  • 

angle.      The  visceral 

surface  is.  for  the  most  part,   concavt-.      C 

concavity  is  marked,    receiving  the    clavic 

There  is  a  sutural  roughening  continued  < 
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to  the  base  of  the  dorsal  ramus,  throughout  the  whole  extent  of  the 
concave  portion  of  the  border.  The  bone  differs  from  the  scapula 
of  Murcefiosaurus*  in  the  less  expanded  ventral  ramus, which  is  sepa- 
rated from  its  mate  by  the  clavicle  and  episternum.  From  the  Crypto- 
c!idus\  scapula  it  differs  in  having  a  more  slender  and  elongate  dorsal 
ramus,  and  in  the  non-expansion  of  the  ventral  ramus.  From  a 
scapula  of  PL  mud^^ei  Crag,  from  the.  Lower  Cretaceous  in  the 
University  of  Kansas  Museum,  it  differs  in  its  much  less  slender 
coracoidal  and  dorsal  rami.  The  bone  is  also  much  more  slender 
than  in  Pcloncustes,     (See  PI.  XII.) 

The  loracoiif  is  a  very  large  and  broad  plate,  with  a  slender, 
blade-like  epicoracoid  projection.  Its  glenoid  portion  is  massive, 
with  a  smaller  humeral  articular  surface,  and  a  larger  scapular  facet, 
meeting  each  other  in  a  very  obtuse  angle.  The  external  border  is 
thickened  and  concav^e,  produced  into  a  considerable  projection  at 
the  posterior  angle.  Just  before  its  termination  there  are  several 
tooth-like  projections  of  small  size,  evidently  for  muscular  attach- 
ment. The  posterior  margin  is  thin,  with  rounded  angles  and  a  slight 
concavity  between  them.  Opposite  the  glenoid  articulation  the  bone 
is  massive,  meeting  its  fellow  in  a  thickened  bar  with  an  oblitjue 
sutural  surface.  Immediately  posterior  to  this  interglenoid  thicken- 
ing, the  bone  on  the  mesial  side  is  very  thin,  and  in  the  anterior  part 
of  this  thinned  portion,  near  the  middle  line,  there  are  two  large, 
well-defined,  round  foramina  that  have  never  before  been  described 
in  the  coracoid,  though  perhaps  indicated  in  the  description  of  7/7//- 
acromcrum.  The  clavicular  or  epicoracoid  process  in  front  is  long 
and  thin,  with  nearly  parallel  sides,  the  anterior  end  slightly  expanded 
and  its  margin  with  a  cartilaginous  border.  The  sutural  surface  for 
the  clavicle  extends  back  on  the  upper  surface  to  nearly  midway  of 
the  process.  The  coraco-scapular  foramen  is  elongate  in  shape  and 
is  bounded  entirely  by  the  two  bones,  save  for  a  short  distance  at  the 
front  inner  part  where  the  clavicle  completes  the  margin.  The  cora- 
coid has  the  posterior  outer  angle  more  produced  than  in  either 
Crxptoilidiis^  Pclonrustcs  or  MKranosaiincs^  and  the  clavicular  process 
is  longer  and  better  developed  than  has  been  described  in  any  form, 
except  perhaps  in   TriniXcronicrum, 

The  clariclc  is  a  thin,  concav*.",  irregularly  triangular  or  triradi- 
ate  bone,  and  is  well  developed.  It  lies  upon  the  ventral  plate  of  the 
scapula  and  the  epicoracoid  process  of  the  coracoid,  and  above  the 
squamous   margin   of  the   episternum,    a   remarkable    position    for    a 

*.\n<lrr\v«>.  Ann.  \lau.  N;it.  Hi>.  w.  431. 
■♦Andrrw^.  Aiir,  Man  Nat.  lii^t.  w.  3;c, 
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membrane  bone  to  attain  on  the  visceral  side  of  all  three  cartilage 
bones.  The  anterior  border  is  gently  thickened,  somewhat  sinuous 
in  outline,  and  is  free  for  a  part  of  its  extent.      The  other  borders  are 


Fig.   8. 

I.^ia'^'rain   of    pectoral  girdle   of   Do.'/i/ior/iynt  /tof<  i>>hir>ii.  Irom   .ilxixo.   th«'  outlines  ol  r<>ii- 
cealed  parts  arr   indicated  by  dotted  liiifs.      /,-,.  rpistcrinim  (iiitiTi  lav  ii  Ir):  ( /..  <"!.i\  icio;  »<..m;i|. 
ula:  tV/..  coracoid. 


thin,  for  the  most  part  squamous,  and  nowlu  ru  free,  save  for  a  short 
distance  at  the  anterior  end  of  the  c(^raco-scapular  foramm,  and  the 
posterior  part  of  the  interclavicular  foramen.      The  two  bones  meet 
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in  a  HK-dian  symphysis  for  a  short  distance  back  of  this  inttrclavic- 
nlar  foramen.  The  under  or  convex  surface  appears  only  for  a  small 
space  between  the  ends  of  the  scapulae,  epicoracoid  processes  and  the 
episternum.  Its  outer  extremity  extends  into  a  slender  process, 
broken  away  in  the  specimen  figured,  which  reaches  along  the  front 
margin  of  the  ventral  ramus  of  the  scapula  to  the  base  of  the  dorsal 
ramus.     (See  PI.  XIII.) 

The  i/miWi-  seems  to  be  the  most  variable  bone  in  the  skeleton  : 
1  know  of  no  form  in  which  it  is  better  developed.  In  Cr\f>ti>eliiius  it  is 
a  small,  triangular  bone,  meeting  its  mate  in  the  middle  line,  according 
to  .\ndrews.  the  episternum  being  absent.  In  Plfiimauiin  «///./i.v( 
Cragin  (see  PI-  XXVII),  the  clavicle  appears  to  have  been  small.-r 
and  more  triangular  than  in  the  present  species.  It  is  generally 
assumed  that  this  bone  is  the  real  clavicle  by  Seeley,  Andrews.  Ffir- 
hringer  and  others,  and  one  may,  with  Andrews,  explain  its  position 
in  relation  to  the  ventral  ramus  of  the  scapula  by  the  peculiar  method 
of  ossification  of  that  bone.  But,  can  its  visceral  relations  to  the 
coracoid  and  episternum  be  explained  as  easily?  It  is  true  that  many 
authors  call  the  median,  un- 
paired piece  the  interclavi- 
cle,  a  membrane  bone,  and. 
if  this  origin   is  accepted,  its 
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been  covered  with  cartilage  below,  leaving  a  free,  convex,  ventral 
surface,  elongate  oval  in  shape,  including  the  emarginations,  limited 
by  a  distinct  ridge  or  angle.  The  striation  of  this  thinned  margin 
points  to  a  covering  of  cartilage.  The  anterior  emargination  of  the 
bone  is  narrow  and  deep,  while  the  posterior  one  is  broader  and  even 
deeper.  It  differs  markedly  from  the  corresponding  bone  of  PL  iniiii}:^vi 
(see  PI.  XXVII),  in  its  less  broad  and  deep  emarginations.  An 
episternum  which  I  provisionally  refer  to  the  species  Tt\  anony- 
ftttm,  herewith  figured,  resembles  that  of  D,  osiw/Ni'  more  closely.  In 
all  three,  perhaps  belonging   to   distinct  genera,  it   will  be  seen  that 


Fig.  10. 

I.  Kpistcrnum  and  clavicles  oi  Muracnosattrus :  2.  3.  tho  >am».'  of  /':%'.<,"<, tnrn<.  from  .il>i»v»'  anil 
below.    .Mter  Seeley. 
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tht'  emargination  behind  represents  a  distinct  foramen  in  the  com- 
pleted girdle  —the  interclavicular  foramen,  of  which  the  only  mention 
hitherto  that  I  can  find  is  by  Seeley  (Proc.  Roy.  Soc.  Lond.  li,  p.  140), 
whose  figures  I  reproduce  here. 

In  PI.  XV  is  shown  the  articulated  pectoral  girdle  from  below, 
and  in  PI.  XIV,  the  same  is  shown  in  front  view.  As  a  whole, 
the  girdle  forms  a  rather  deep  trough,  with  the  dorsal  rami  of  the 
scapula  directed  upward  and  somewhat  outward.  Its  exact  position 
in  relation  to  the  ribs  is  difficult  to  state,  but  I  do  not  think  that  the 
position    given   in  the    restoration    can    be    far    wrong.      The  slight 
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Fig.  11. 

Scajiiilu  cla\  ioular  -.^irdlt'  <>(  ric^ioSAiirus  ;////</j,v/ from  abo\  o;  flu'   missinj;  parts  restored  in 
il-.'ttc.l  liiK's.     Ic.  I'pisHTiuiin;     </..  clavirU';  sc.  scapula;  co..  cpicoracMid  proofss. 

drgree  of  curvature  of  the  ribs  in  tlu*  pectoral  region  must  have  left  a 
rather  angular  margin  to  the  thorax  on  either  side,  filled  in,  in  part  at 
least,  by  the  cartilaj^inous  continuation  of  tlu*  thoracic  ribs,  which 
tilt-  preserved  ends  plainly  show  wrre  present.  The  upper  surface  of 
the  Lcirdie  was  not  hollowed  nuich,  if  any,  longitudinally,  so  that  the 
has*"  of  thi'  neck  must  have  been  in  life  (juite  deep. 

An  examination  of  the  under  surface  of  the  girdle,  as  shown  in 
PI.  X\',  furnishes,  1  think,  convincing  proof  that  the  space  between 
the  scapuhe,  tpicoraccMd  process  and  the  elliptical  lines  on  the  ven- 
tral surface  of  the  episternum  was  filled  in  in  life  by  cartilage,  join- 
ing the  coracoid  and  scapula  and  covering  the  squamous  portion  of 
the  episternum,  but  leaving  the  interclavicular  foramen  free.      Ossifi- 
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cation  of  this  cartilage  evidently  occurs  in  some  forms,  uniting  the 
whole  into  a  single  ventral  plate,  which  is  said  to  have  a  sutural  con- 
nection w^ith  the  epicoracoid  processes,  forming  what  Seeley  calls  the 
Elasmosaurian  type  of  girdle.  Seeley  suggests  that  this  cartilage 
may  represent  the  precoracoid:  **In  all  Plesiosaurs,  on  the  other 
hand,  the  precoracoid,  if  developed,  remains  cartilaginous ;  but  1 
infer  that  a  cartilage  always  extended  from  the  anterior  margin  of  the 
coracoid  to  the  anterior  extremity  of  the  scapula,  and,  by  ossification 
of  such  cartilage,  the  Plesiosaurian  shoulder  girdle  would  become 
Elasmosaurian."* 

This  precoracoid  nature  of  the  cartilage  is  contested  by  Koken  : 
**The  view  that  the  bone  considered  to  be  the  scapula  in  the  Plesio- 
saurs also  includes  the  precoracoid  is  supported  neither  by  compar- 
ison nor  observation.  In  no  reptile  has  there  been  shown  to  be  a 
union  of  the  scapula  with  the  precoracoid  more  intimate  than  its 
union  with  the  coracoid,  and  its  fusion  with  the  scapula  without 
union  with  the  coracoid  would  be  remarkable.  1  agree  quite  with 
.  Baur,  who  considers  the  forked  bone  of  the  turtles  to  be  the  scapula 
only,  its  two  branches  being  homologous  with  those  of  the  plesiosau- 
rian scapula.  Seeley  believes  that  the  precoracoid  was  cartilaginous, 
connecting  the  front  end  of  the  coracoid  with  the  anterior  end  of  the 
scapula,  and  that  this  became  ossified  in  the  Elasmosaurians  in  such 
a  way  that  it  was  separated  from  the  coracoid  by  suture,  but  was 
fused  with  the  scapula.  That  is,  it  is  the  precoracoids  and  not  the 
scapulae  which  meet  in  the  middle  line.  It  seems  to  me  that  this 
would  be  the  method  of  extension  and  ossification  of  the  scapulH. 
Why,  then,  should  we  call  in  the  aid  of  a  cartilaginous  precoracoid  as 
an  unknown  quantity,  which  later  becomes  indistinguishably  fused 
with  the  scapula  ?"t 

The  precoracoid  arises  from  a  distinct  ossificatory  center,  wlun 
ossified.  Is  it  reasonable  to  suppose,  then,  if  this  is  a  distinct  ele- 
ment, that  any  such  mode  of  extension  of  the  scapula  as  Andrews  has 
shown  to  be  the  case  in  Cryptoclidus  lyxonicnsisX  would  occur  if  there 
was  really  a  union  of  scapula  and  precoracoid?     He  shows  clearly 

* 

that  the  scapula  increases  in  length  peripherally,  and  not  by  the  addi- 
tion of  an  ossified  cartilage.  If  it  arose  from  a  distinct  center,  as  it 
must,  one  w^ould  certainly  expect  to  find  it  in  a  separated  condition 
in  the  young  animal,  but  this  was  not  the  case  in  the  ones  that 
Andrews  examined.     Furthermore,  in  what  possible  way  could  a  carti- 

♦Proc.  Roy.  Soc.  Lond.  li,  p.  138.  i8q2. 

tKolcen,  Zcitschr.  Deutschen  Geol.  (ie*<ellsth.  iHi^j.  xl\ .  y\h. 

tAnn.  Mat;.  Nat.  Hist.  1895. 
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lage  bone  like  the  precoracoid  get  entirely  on  the  outside  and  seal  in 
a  membrane  or  dermal  bone?  I  would  sooner  believe  that  the 
so-called  clavicles  are  really  precoracoids,  and  for  this  belief  their 
position  on  the  visceral  side  of  all  three  cartilage  bones,  the  scapula, 
4jpisternum  and  coracoid,  would  lend  some  support.  In  no  case,  how- 
ever, can  I  believe  it  probable  that  this  cartilage  represents  the  pre- 
coracoid. 

The  same  argument  will  apply  in  its  entirety  to  the  assumption 
that  the  ventral  ramus  of  the  scapula  is  in  reality  the  precoracoid. 
In  no  specimen  has  it  ever  been  found  as  a  distinct  ossification.  It 
grows  peripherally,  enclosing  the  clavicles  on  their  outer  side.  The 
elongated  clavicles  unite  by  suture  with  the  scapula  in  the  Notho- 
sauria  without  the  intervention  of  any  precoracoid  process.  By  the 
reduction  of  the  clavicles  and  the  extension  of  the  acromial  process  in 
these  animals  we  would  get  the  Plesiosaurian  girdle.  Is  it  necessary 
to  insert  a  distinct  ossificatory  element  in  this  development? 

It  may  be  added  that  Koken  believes  the  precoracoid  to  be  fused 
with  the  coracoid. 

I  cannot,  therefore,  believe  that  the  precoracoid  is  represented 
by  any  ossification  in  the  plesiosaurian  clavicular  girdle.  Nor  do  I 
believe  there  is  any  genetic  relationship  between  the  ventral  ramus 
of  the  Plesiosaurs  and  that  of  the  Chelonian  scapula.  If  there  is,  is 
it  not  strange  that  in  the  one  case  the  branch  should  lie  ventrad  to 
the  clavicle  and  in  the  other  dorsad?  I  am  well  aware  that  in  thus 
concurring  in  the  views  held  by  Seeley,  Andrews,  Koken,  Baur  and 
others,  there  are  pertinent  arguments  on  the  other  side  given  by 
Hulke,  and  especially  I'^'irbringer.  * 

Pelvic  Girdle. — The  puhi.<  varies  but  little  from  the  usual  form. 
It  is  a  broad,  flattened  plate  of  bone,  thinned  throughout,  except  at 
the  symphysial  and  acetabular  articulations.  It  is,  in  general,  quad- 
rilateral in  shape,  with  the  anterior  inner  angle  broadly  rounded,  and 
the  acetabular  angle  truncated.  The  posterior  and  outer  borders  are 
both  markedly  concave,  and  of  about  equal  length.  The  anterior 
border  is  more  nearly  straight  and  irregular.  The  inner  border  is 
thickened  on  the  posterior  third  or  half,  gradually  becoming  thinner 
anteriorly.  The  obliquely  truncated  sutural  surface  is  much  rough- 
ened. The  two  bones,  when  united,  must  have  made  an  angle  with 
each  other  of  about  one  hundred  and  twenty-five  degrees.  I  do  not 
think  that  there  was  much  cartilage  between  the  two,  or  that  it 
extended  back  to  the   ischial   symphysis,   though   it  may.      Anteriorly 
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the  cartilage  continued  tp  the  rounded  outer  anterior  angle,  where 
the  bone  is  a  little  more  thickened.  The  acetabular  surface  is  much 
the  larger  of  the  articulating  facets.  It  meets  the  smaller  and  rough- 
ened facet  for  the  ischium  *in  a  very  obtuse  angle.  The  bone  is  more 
thickened  on  the  outer  and  posterior  parts,  that  is,  near  the  non- 
cartilaginous  border,  than  elsewhere.     (See  PI.  XVI.) 


Fig.  12. 

I)ia>;ram  of  pelvic '^irdlr  of  Dolichorhynchof'!:  oihorni,  \isooraI  .surface.  /'//..  piihis;  />..  ischium; 
//..  ilium. 


The  ischium  is  more  elongate  and  proportionally  larger  than  is 
usual  among  plesiosaurs,  though  of  the  usual  hatchet  shape.  It  has 
three  non-sutural  articular  surfaces — the  larger  middle  one,  looking 
directly  outward  in  the  articulated  ischium;  a  smaller  posterior  one, 
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looking  upward;  and  a  small  one  looking  forward  and  a  little  down- 
ward for  the  pubis.  The  anterior  border  is  concave,  and  the  portion 
adjacent  to  this  border  is  the  thickest  of  the  bone.  The  symphysial 
border  is  thickened  on  the  anterior  third,  gradually  thinning  posteriorly. 
This  border  is  obliquely  truncated,  as  in  the  pubis,  anteriorly;  poste- 
riorly the  cartilaginous  border,  moderately  thin,  is  continued  around 
the  inner  angle  to  the  outer  one,  where  it  meets  the  free  outer  border 
abruptly.  The  outer  border  is  gently  concave  in  its  whole  extent, 
and  only  a  little  thicker  than  the  inner  portion  of  the  bone.  It  ends 
in  a  right  angle.     (PI.  XVII.) 

The  ilium  is  a  small,  rod-like  bone,  moderately  expanded  at  its 
ischial  extremity.  Of  the  two  articulating  extremities,  that  for  the 
ischium  is  much  larger  than  the  one  for  the  acetabulum.  In  the 
middle  of  the  bone,  a  cross-section  is  roundly  oval.  The  upper 
extremity  has  a  small,  flattened,  parallelogrammatic  surface,  which, 
in  the  articulated  pelvis,  looks  inward,  slightly  backward,  and 
perhaps  a  little  downward.  The  bone  when  articulated  w^as  directed 
backward  at  an  angle  of  about  fhirty  degrees,  and  inward  perhaps  a 
little  more.  There  is  very  little  evidence  of  articulation  with  the 
sacral  ribs.     The  union  must  have  been  weak  and  slight. 

The  pelvis,  as  a  whole,  was  troughlike,  as  was  the  pectoral  girdle. 
The  two  bones  meet  at  a  considerable  angle,  and  it  is  also  certain 
that  there  was  a  large  angle  between  the  ischium  and  pubis,  so  that, 
with  the  ischial  symphysis  nearly  horizontal,  the  pubes  were  directed 
at  a  considerable  angle  downward.  This  position,  indeed,  is  necessary, 
since  otherwise  there  would  have  been  a  strongly  upw-ard  turn  of  the 
abdominal  contour  immediately  behind  the  coracoids,  and  the  ischia 
and  pubes  will  articulate  in  this  position  only  in  this  specimen. 

Front  Limbs. — The  paddle-bones  of  the  specimen  were  all  com- 
pletely intermingled  and  displaced,  so  that  none  could  be  referred  to 
its  proper  limb  from  the  position  they  were  in. 

Apparently  nearly  all  were  preserved,  though  some  of  them  were 
distorted  and  crushed.  The  labor  of  assorting  and  correctly  locating 
these  parts  was  very  great,  especially  the  phalanges;  indeed,  of  the 
latter  there  is  little  assurance  that  the  final  collocation  in  many  cases 
is  correct.  Aside  from  the  femora  and  humeri,  the  only  distinction 
that  could  be  made  between  the  bones  of  the  front  and  hind  limbs 
was  in  the  size,  always  slightly  smaller  in  the  hind  than  in  the  fore 
limb,  l^y  thus  assorting  into  pairs  and  assigning  the  smaller  pair  to 
the  hind  limb  it  was  certain  that  the  bones  of  the  epipodial  and  meso- 
Dodial  regions  were  correctly  placed.      The  labor  was  much  lightened 
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by  the  aid  of  a  nearly  complete  paddle  of  another  species,  described 
further  on.  This  paddle  was  less  compressed  and  distorted,  and  1 
have  therefore  reserved  it  for  a  more  full  description  of  the  parts  and 
discussion  of  the  functions. 

The  humerus  of  Dolichorhynchops  has  the  head  only  moderately 
convex,  with  its  margins  rather  sharply  limited,  its  greater  convexity, 
as  usual,  on  the  radial  side;  its  general  surface  looks  mesad  and 
ventrad  at  an  angle  of  about  forty-five  degrees.  Its  cartilaginous 
surface  is  continuous  with  that  of  the  tuberosity,  which  has  a  large, 
flat  surface,  directed  dorsad  and  mesad  at  an  angle  of  about  forty-five 
degrees.  The  grooves  separating  the  surface  from  the  head  are 
broad  and  shallow,  that  of  the  ulnar  side  the  broader.  The  anterior 
border  of  the  bone  is  concave  on  the  proximal  part,  gently  convex  at 
the  middle  and  shallowly  concave  on  the  distal  part.  The  posterior 
border  is  nearly  straight  on  the  shaft,  deeply  concave  distally.  The 
distal  anterior  angle  is  rounded  in  both  specimens.  On  the  distal 
border  two  facets  are  apparent,  for  the  radius  and  ulna;  the  rest  of 
this  border  presents  no  clear  indications  of  articulations.  The 
pectoral  rugosity  is  strongly  roughened,  and  produced  into  a  broad, 
low  tubercle;  the  roughening,  moreover,  is  continued  obliquely  nearly 
to  the  other  rugosities  on  the  sides.  It  is  situated  nearer  the  head 
than  in  Polycotylus,  The  ulnar  rugosity  forms  a  deep  pit  above  the 
middle  of  the  bone,  while  the  radial  rugosity  is  opposite  it  and  much 
nearer  the  head  of  the  bone  than  in  Polycotylus. 

Three  bones  were  certainly  located  in  the  fore-arm.  and  a  fourth 
one  seems  to  be  represented  by  a  pair  of  small  nodules.  The  free, 
emarginate  border  between  the  radius  and  ulna  is  less  apparent  than 
it  is  in  Polycotylus,  The  relations  of  all  the  smaller  bones  seem  to 
be  quite  as  they  are  in  Polycotylus,  and  the  reader  is  referred  to  the 
figures  of  the  two  paddles  for  comparison,  in  connection  with  the 
description  of  that  of  Polycotylus. 

« 

Hind  Limbs. — The  femur  shows  the  usual  plesiosaurian  differences 
from  the  humerus,  in  its  greater  slenderness,  slightly  greater  length, 
more  slender  shaft  and  less  dilated  distal  extremity.  The  anterior 
border,  as  seen  in  the  figure,  is  nearly  uniformly  concave,  terminatinj^^ 
in  a  more  pronounced  angle  than  in  the  humerus.  The  posterior 
border  is,  also,  concave  throughout  to  the  greatest  expansion,  which 
occurs  more  proximally  than  in  the  humerus,  and  in  a  rather  better 
marked  angle.  The  rugosities  of  the  under  side  and  margins  are  as 
in  the  humerus,  though  scarcely  as  well  mirked.  Whethrr  the  bones 
of  the  leg  and  ankle  have  b-^en  correctly  located,  rather  than  in   the 
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fore  limb,  is  impossible  to  say — the  only  differences  that  could  be 
detected  are  the  rather  lighter  weight  or  greater  slcnderness  of  those 
located  here.  Their  relations  to  each  other  are  precisely  those  of  the 
fore  limb.  It  seems  probable  that  the  fourth  bone  on  the  posterior 
side  of  the  first  row,  articulating  with  the  femur,  was  wanting  in  life, 
or  at  least  was  very  small — none  were  preserved.  The  fore  and  hind 
limbs,  as  restored,  are  of  the  same  length.  All  four  paddles  were 
restored  as  completely  as  those  shown  in  the  figures. 


CIMOLIASAURUS  SNOWII. 


Skull. — The  skull  of  this  species  was  briefly  described  by  me  in 
the  Transactions  of  the  Kansas  Academy  of  Science  tor  1890,  to  which 
some  additional  observations  were  made  by  Cope  in  the  Proceedings 
of  the  American  Philosophical  Society  for  1894,  p.  109.  1  give  here 
a  more  complete  comparative  description,  in  the  light  of  the  infor- 
mation furnished  by  other  known  forms,  especially  Diylichorhynchops, 


FiG.13. 

Skull  of  Cnnnii.isjunK  sno-.K-ii  Will.  /*///.  |»renia\illa;  r//..  external  naris;  ///.v..  maxilla;//! 
prt'frontal: //»^,  |'()--tfroiito  r>rl)ital;  /.,  iu^'al;  */..  xiuamosal;  /r/..  parietal;  .ff>  ,  snpraoccipital:  cV'. 
ONOt  ci|iital;  Y..  (luaiirate;  ///'.   (iiiadratohipal;  */.  deiilary;  \///-.,  <uran>;iilar;  »///^.,  angular. 


The  parirtals  form  a  steep,  roof- like  covering,  ascending  into  a 
thin,  sharp,  sagittal  crest,  extending  through  nearly  their  whole 
lengtli,  from  the  attachment  of  the  squamosals  posteriorly  as  far  for- 
ward as  the  posterior  part  of  the  orbit.  This  crest,  throughout  most 
of  its  extent,  forms  a  thin,  vertical    plate,  with   nearly   parallel  sides 
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for  about  two  inches,  its  thickness  on  the  margin  varying  from  two 
to  four  millimeters.  Posteriorly  they  expand  into  a  thickened,  trian- 
gular process  on  each  side,  projected  downward  and  backward  over 
the  supraoccipitals  for  union  with  the  squamosals.  Extending  the 
whole  length  of  the  crest  is  a  well-marked  suture.  Near  the  anterior 
extremity  of  the  crest  is  the  parietal  foramen,  which  has  been  closed 
by  compression. 

The  postorbital  appears  as  a  narrow  bar  directed  outward  and 
downward.  Its  union  with  the  supraorbital  above  and  the  squamosal 
below  is  shown  in  the  figure.  The  bone  is  triangular  in  shape,  as 
seen  externally,  the  suture  for  the  jugal  extending  back  horizontally. 
and  is  then  turned  upward  at  right  angles  to  meet  the  free  margin  of 
the  arch. 

The  suture  separating  the  ju^i^al  from  the  squamosal  begins  at 
the  angle  of  the  postorbital  suture  and  runs  obliquely  downward  and 
backward  to  meet  the  lower  border  of  the  arch  about  fifty  millimeters 
back  of  the  teeth.  The  suture  is  a  jagged  one,  but  its  existence  as 
described  and  figured  is  beyond  doubt.  Professor  Cope  figured  it 
much  further  back  on  the  arch,  but  his  supposed  suture  is  very  plainly 
a  fracture.  The  bone  unites  below  with  the  maxilla  by  a  long,  nearly 
horizontal  suture,  that  begins  in  an  angle  a  little  back  of  the  middle 
of  the  orbit  and  joins  the  alveolar  margin  near  the  last  tooth.  The 
anterior  part  of  the  suture  is  nearly  at  right  angles  to  the  remainder, 
joining  the  orbital  margin  back  of  the  middle  of  the  orbit. 

The  squamosal^  or  squamoso-prosquamosal.  is  a  large,  triradiatc 
bone  joining  the  jugal  and  the  postorbital  anteriorly,  the  parietal 
above,  the  quadrate  and  quadratojugal  below.  Cope  has  figured  the 
upper  branch  as  a  distinct  bone  under  the  name'  of  supramastoid. 
This  was  an  error,  as  has  already  been  stated.  At  the  anterior  infe- 
rior part  of  the  quadrate  there  is  a  distinct  suture,  as  has  been 
figured,  corresponding  to  the  suture  described  as  existing  here  in  the 
specimen  of  Dolichorhynchops.  In  the  figures  given  of  L\  snouni^  it 
was  supposed  that  the  quadratojugal  was  a  small  element.  It  now 
seems  probable  that  its  relations  to  the  squamosal  are  like  those  of 
Dolichorhynchops ;  at  least  there  is  an  indication  that  the  real  suture  is 
continued  upward  and  forward  for  some  distance.  The  union  of  th*.' 
squamosal  and  quadrate  is  very  much  as  it  is  in  Dolichorhynchops, 

The  quadrate  does  not  seem  to  differ  from  that  described  in  Doli- 
chorhynchops, 

The  premaxillary  is  very  large  and  massive.  Its  dentigerous  por- 
tion is  broad  and  thick,  with  numerous  pit-like  depressions.  It  con- 
tains six  very  large  and   powerful   teeth  on  each   side,  the  maxillary 
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suture  beginning  just  back  of  the  sixth  tooth.  The  distinguishing 
suture  turns  upward  and  backward  to  meet  the  anterior  end  of  the 
external  nares  in  front  of  the  orbit.  Above  this,  for  a  short  distance, 
the  bone  is  so  crushed  that  the  suture  is  not  determinable  with  cer- 
tainty, but  the  upper  end  is  evident,  nearly  above  the  middle  of  the 
orbit.  The  suture  separating  the  two  premaxillse  is  distinct 
throughout. 

The  maxi/Ia  has  on  each  side  sockets  for  twelve  or  thirteen  teeth, 
all,  except  a  few  of  the  anterior  ones,  much  smaller  than  those  of  the 
premaxilla,  and  smaller  than  those  of  the  mandible  in  this  region. 
From  the  nares,  which  are  chiefly  excavated  from  this  bone,  the 
suture  turns  upward  and  backward  for  about  twelve  millimeters,  sep- 
arating the  nasals ;  it  then  turns  downward  and  backward  to  join  the 
anterior  orbital  margin,  uniting  with  the  prefrontal.  The  lower 
anterior  margin  of  the  orbit  is  thus  formed  by  the  maxillary  plate, 
which  shows  a  shallow  groove.  The  maxillary  plate  on  the  left  is- 
smooth  and  undistorted,  the  nasal  and  prefrontal  having  been  sepa- 
rated at  their  sutures.  There  is  no  indication  whatever  of  a  separa- 
tion into  two  elements,  nor  is  there  any  free  lachrymal.  Posteriorly 
the  maxilla  forms  a  rather  broad  plate  below  the  orbits,  having  a 
convex  thinned  margin  continuous  with  that  of  the  jugal.  Back  of 
the  middle  on  this  margin,  the  suture  for  the  jugal  turns  directly 
downward  for  about  twelve  millimeters,  and  then  backward  in  a 
straight  line  to  terminate  just  beyond  the  last  tooth. 

That  element  which,  in  Dolichorhynthops^  is  described  as  the 
supraorbital,  is  a  much  more  massive  bone*  in  Cimoliasattrits,  It 
unites  with  the  postorbital  by  a  strong  suture,  behind  the  middle  of 
the  orbit  above,  and  is  not  separated  by  a  deep  notch  as  in  that 
species.  The  bone  arches  forward  and  downward  to  beyond  the 
middle  of  the  anterior  part  of  the  orbit,  as  in  Dolichorhynchops^  stand- 
ing out  prominently  ovtr  the  orbit  and  terminates  in  a  strong  suture 
by  which  it  is  united  to  the  ascending  plate  of  the  maxilla,  as  has 
bc'en  described.  Its  union  with  tht-  prefrontal  or  frontal  cannot  be 
determined  in  the  crushed  state  of  the  specimen.  Such  relatfons  of 
a  supraorbital  hon*.-  with  the  postorbital,  maxilla,  nasal,  etc.,  are  almost 
inconceivable,  but  are  altogether  right  for  a  prefrontal.  If  this  be  a 
prefrontal,  then  the  same  element  in  Dolichorliynchops  must  also  be 
the  prefrontal,  and  the  so-called  postprefrontonasal  is  in  reality  the 
frontal,  while  the  anterior  prolongation  from  the  parietal  is  in  reality 
a  process  from  that  bone,  separating  the  frontals.  a  most  remarkable 
arrangement  for  any  vertebrate  skull.  1  am  forced  to  believe,  how- 
ever, that  such  is  rt-ally  the  explanation  of  these  bones. 
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The  siipraoccipitals  are  visible  from  the  side  behind  and  are  not 
covered  over  by  the  wing-like  expansions  of  the  parietals,  as  in  Doli- 
chorhynchops.  They  are  paired  and  separated  throughout,  as  in  that 
genus.  Below  they  unite  with  the  exoccipital,  and  include  a  part  of 
the  semicircular  canals.  Above  and  in  front  they  join  the  parietals 
at  their  posterior  margin  and  not  under  the  roof.  The  exoccipitals 
are  also  visible.  The  paroccipital  process  is  slender,  its  posterior 
margin  thin,  joining  the  supraoccipital  in  an  angle  without  the  small 
excavation  which  is  seen  in  Dolichorhynchops  at  this  place. 

Lying  within  the  orbit  are  thirteen  thin,  bony  sclerotic  plates,  the 
largest  about  twenty  millimeters  in  diameter,  with  somewhat  crenu- 
lated  margins.  The  larger  number  are  lying  in  position,  imbricated 
with  each  other. 

There  are  sockets  in  the  mandibles  for  nineteen  or  twenty  teeth 
on  each  side.  Those  in  the  upper  jaws  seem  to  be  the  same  in  num- 
ber, though  the  small  posterior  ones  are  so  covered  by  the  inferior 
teeth  that  the  number  cannot  be  positively  determined.  The  largest 
teeth  implanted  in  the  upper  jaw  are  those  of  the  premaxilla;  back 
of  these  there  is  but  a  single  large  tooth,  situated  just  in  front  of  the 
orbit.  The  largest  teeth  of  the  mandible  are  the  ones  corresponding 
to  those  of  the  premaxilla;  the  posterior  ones,  however,  are  much 
larger  than  the  corresponding  ones  of  the  upper  jaw.  The  anterior 
teeth,  especially,  are  elongate,  conical  and  lightly  recurved.  All  are 
sharply  pointed,  with  the  crown,  within  a  half  or  three-fourths  of  an 
inch  of  the  socket,  finely  striated.  The  largest  is  that  of  the  pre- 
maxilla just  in  front  of  the  maxillary  suture,  which  measures  hfty- 
three  millimeters  in  length  by  thirteen  in  width  at  the  base  of  the 
crown.  The  first  tooth  in  the  mandible  is  fully  as  long,  though  a 
little  more  slender. 

The  ptcry}roiiis  are  so  crowded  in  between  the  mandibles  and 
maxillae  that  only  a  portion  of  them  is  visible.  The  posterior  part 
joins  the  quadrate  by  a  stout  plate,  as  in  DolichorJiyfichops,  15y  the 
sides  of  the  sphenoids  the  plates  are  broad  and  massive,  with  a 
thinned  outer  crenulated  margin.  The  cc/opfcryj^oi,/  unites  with  the 
jugal  and  maxilla.  Evidently  there  are  elon<(ated  interpteryguid 
vacuities,  as  in  Dolichorhynchops. 

The  mandible,  from  the  tip  of  the  symphysis  to  the  hind  extremity, 
measures  480  millimeters,  of  which  the  teeth  occupy  320.  Its  least 
width,  near  the  middle,  is  40  millimeters;  its  greatest  width,  just  back 
of  the  teeth  at  the  coronary  eminence,  is  75  millimeters.  The  length 
of  the  symphysis  is  65  millimeters.  The  two  sides  are  firmly  coossified, 
traces  of  the  suture  being  visible  in   the   posterior  part  only.      The 
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sutures  separating  the  angular,  surangular  and  dentary  are  shown  in 
the  figure. 

Cervical  Vertebr>e. — There  were  twenty-eight  cervical  vertebra? 
in  a  continuous  series  preserved,  the  last  five  or  six,  owing  to 
exposure,  in  a  less  perfect  condition;  the  others  complete  or  nearly 
so.  Traces  of  the  sutures  uniting  the  neural  arches  with  the  ct-ntra 
can  be  observed  in  the  third  and  fourth  vertebrae  only.  The  atlas  and 
axis  are  so  wedged  in  the  compressed  occipital  region  that  the  former 
bone  can  not  be  distinguished,  and  the  latter  is  visible  in  part  only. 
The  third  vertebrae,  herewith  figured,  differs  from  the  following  ones 
in  the  greater  obliquity  of  the  spine,  in  the  more  oblique  anterior 
face  of  the  centrum,  in  the  presence  of  a  conspicuous  carina  below  in 
front,  and  in  the  simple,  pointed  shape  of  the  single-headed  rib.  The 
fourth  vertebrae  has  the  neural  process  less  oblique  and  broader,  the 
carina  in  the  middle  of  the  concavity  of  the  under  surface  not  visible 
from  the  side;  the  rib  is  broad  and  of  nearly  equal  width  throughout. 
In  the  sixth  vertebrae  and  beyond  the  neural  process  is  broader  and 
nearly  vertical;  the  ribs  are  broad,  with  more  marked  anterior  and 
posterior  prolongations  distally.  The  spines  increase  in  width  through- 
out the  series,  but  are  only  a  little  longer  posteriorly.  The  posterior 
centrum  is  more  than  three  times  the  length  of  the  anterior  ones  and 
the  diameter  posteriorly  is  more  than  twice  that  anteriorly.  The  ribs 
of  the  posterior  vertebrae  are  but  little  longer,  though  much  wider, 
than  those  of  the  anterior  vertebrae.  The  following  measurements 
will  exhibit  these  differences  in  size  more  exactly: 


NrMHKR  OF  Vertkhra. 

'     3 

4 

6 

9 

14 

20 

27 

Length  of  centrum     .      . 

2^ 

30 

48 

S} 

63 

7« 

()0 

Ileiglit  of  centrum 

25 

42 

44 

50 

60 

68 

Heiglit  of  spine  above  floor    . 

of  neural  canal 

46 

47 

47 

50 

62 

•  • 

Width  of  spine   .... 

•  •  • 

24 

3^> 

40 

42 

^\=; 

Length  of  rib       .... 

•  •  • 

40 

.  .  . 

40 

48 

•  •  • 

W'idtli  of  rj])       .... 

•  •  ■ 
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40 
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The  specimen  upon  which  this  genus  and  species  are  based  is 
one  of  much  interest,  not  only  because  of  its  excellent  preservation 
and  preparation,  but  also  because  of  the  new  features  which  it 
presents.  It  consists  of  the  skull,  neck,  and  larger  part  of  the  dorsal 
column,  all  lying  together  in  their  natural  relationships,  and  all  with 
the  ventral  surface  exposed,  in  the  prepared  specimen.  The  specimen 
was  collected  some  years  ago  near  Delphos,  in  Ottawa  County,  Kan- 
sas. Its  horizon  is  the  Benton  Cretaceous.  It  is  now  preserved  in  a 
wall-case  in  the  National  Museum.  I  desire  to  express  my  hearty 
thanks  to  the  authorities  of  the  National  Museum  for  permission  to 
study  and  describe  the  specimen,  and  especially  to  Mr.  F.  A.  Lucas 
for  much  kind  assistance.  It  gives  me  great  pleasure  to  honor,  in 
the  specific  name,  one  who  has  done  much  valuable  w^ork  in  American 
paleontology.     (Pis.  XXIV,  XXV.) 

Skull. — The  palatal  surface  of  the  skull  lies  exposed,  with  the 
mandibles  in  position.  There  has  been  but  little  distortion  or  dis- 
placement, the  mandibles  being  slightly  depressed  and  pushed  to  the 
left.  The  limestone  matrix  has  been  carefully  removed  from  most 
parts,  leaving  the  bones  entirely  clean.  The  sutures  are  entirely 
clear,  and  there  are  but  few  adventitious  fractures  to  obscure  the 
relations  of  the  parts.  It  is  certain  that  additional  excavation  will 
reveal  further  characters  of  importance,  but  not  many,  unless  the 
specimen  be  entirely  removed  from  the  matrix.  The  specimen  as 
now  mounted  in  the  wall  slab  makes  a  very  interesting  and  instructive 
display,  but  I  believe  that  some  day  it  will  be  advisable  to  remove  it 
entirely  from  its  limestone  bed  and  mount  it  after  the  manner  of  a 
recent  skeleton.  It  was  fortunate,  however,  that  this  was  not  done 
before  a  careful  examination  had  been  made  of  the  natural  relations 
of  the  bones,  as  it  W'ould  have  been  difficult  to  believe  that  the  neck 
comprised  but  thirteen  vertebra,*,  had  not  the  matrix  conclusively 
demonstrated  the  fact.  It  is  the  shortest-necked  plesiosaur  known, 
differing  in  this  respect  not  greatly  from  the  sliort-necked  aquatic 
saurians  of  other  orders.    • 

Tha  pterygoiifs  extend  far  back  to  unite  with  the  lower  end  of  the 
quadrates,  apparently  quite  as  usual  in  the  plesiosaurs,  though  the 
precise  place  of  junction   is  obscured  by  the  mandibles  ;   the  process 
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is  slender.  The  two  bones  meet  in  a  median  suture  on  the  under 
side  of  the  sphenoid,  their  posterior  border  forming  a  wide  and  deep 
concavity.  The  outer  margin  of  the  bones  converge  from  the  quad- 
rates as  far  forward  as  the  posterior  end  of  the  interpterygoid  vacui- 
ties, where  they  curve  outward  into  the  posterior  border  of  the  ecto- 
pterygoid  processes.  The  under  surface  is  shallowly  concave  on 
either  side  back  of  the  vacuities,  but  in  the  middle  there  is  a  rather 
strong,  obtuse  ridge.  A  little  back  of  the  vacuities,  on  either  side, 
with  their  origins  separated,  a  narrow  and  strong  ridge  arises  to 
curve  outward  and  become  lost  on  the  under  border  of  the  somewhat 
descending  ectopterygoid  process.  In  front  of  the  vacuities  the  two 
bones  again  meet  in  a  long  median  suture.  The  palatal  surface  here 
occupies  a  somewhat  higher  plane  than  that  of  the  posterior  part,  and 
is  flat  throughout.  The  bones  of  the  two  sides  gradually  narrow  in 
width  to  terminate  by  an  obtuse  extremity  near  the  middle  of  the 
palate.  Between  the  ectopterygoid  processes  and  between  the  curved 
ridges  already  described  there  is  a  narrow,  deep  vacuity,  wuth  two 
oval,  elongated,  well-defined  foramina  or  vacuities  at  the  bottom,  the 
**  palatonares"  of  Owen,  the  **  posterior  palatine  vacuities"  of 
Andrews,  the  **  interpterygoid  vacuities"  of  authors.  A  discus- 
sion of  their  character  will  find  a  place  further  on.  The  lateral  walls 
of  this  fossa  posteriorly  are  nearly  vertical,  but  the  anterior  end  of 
the  fossa  is  but  little  or  not  at  all  excavated  above  the  plane  of  the 
palate  here.  From  the  anterior  end  of  the  median  posterior  inter- 
pterygoid suture  two  sutures  diverge,  leaving  a  large  angular  sloping 
surface  exposed  which  forms  the  posterior  roof  of  the  fossa  ;  the  bone 
rxposed  between  the  V-shaped  sutures  is  the  basisphenoid,  and  has 
attached  to  it  by  suture  the  so-called  parasphenoid  bone  in  front. 
Just  how  the  diverging  sutures  terminate  I  cannot  definitely  say. 
They  seem  to  follow  the  lower  angle  of  the  lateral  wall  of  the  fossa 
as  far  forward  as  the  middle  of  the  vacuities  and  thence  return  to  join 
thf  parasphenoid  suture  at  the  posterior  part  of  the  vacuities.  If 
this  determination  is  correct,  these  projections  would  correspond  to 
the  basipttrygoid  processes  of  the  lizards.  The  ectopterygoid  pro- 
cesses ot  the  pterygoids,  the  continuation  of  the  curved  ridges,  have  a 
rounded,  prominent  under  border,  with  a  terminal,  large,  vertical  or 
oblique,  abutting,  mandibular  surface.  This  ridge  and  its  abutting 
surface  are  very  much  as  they  are  in  /V//'.v<7///7/y,  and  the  whole  struc- 
ture lu;re  also  reminds  one  of  the  crocodiles. 

The  transverse,  transpalatine  or  (•c/<>f'trryi;<>ii/  bone  is  a  rather 
small,  flattened  i)olygonal  bone,  whose  under  surface  is  continuous 
with  that  ot   the  palatine  and    pterygoid   in    front.      It  joins  the  ptery- 
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gold  on  the  inner  side  and  behind,  the  posterior  suture  descending  on 
the  side  of  the  projecting  process  of  the  pterygoid.  To  what  extent 
the  bone  enters  into  the  abutting  surface  for  the  mandible  I  could  not 
determine.  Anteriorly  the  bone  joins  the  palatine  by  a  clearly 
marked  suture.  Its  outer  border  posteriorly  is  rounded  and  seems  to 
be  free,  forming  a  part  bi  the  border  of  the  posterior  palatine  vacuity, 
but  this  can  not  be  determined  without  further  excavation  of  the 
matrix.  The  outer  attachment  of  the  bone  (doubtless  to  the  jugal 
and  maxilla)  cannot  be  determined. 

The  palatines  are  long  fiat  bones  which  meet  for  a  considerable 
distance  in  a  median  suture  in  front  of  the  pterygoids,  a  feature  hith- 
erto unknown  among  the  plesiosaurs.  In  front  this  median  suture  ' 
divaricates  to  admit  the  pointed  extremities  of  the  vomers.  A  little 
distance  from  the  interpalatine  suture,  near  its  middle,  there  are,  on 
either  side,  two  or  three  small,  round  foramina.  The  outer  border 
of  the  palatines  continues  the  border  of  the  ectopterygoids  throughout 
and  is  continuous,  apparently  with  the  lateral  border  of  the  vomers. 
How  far  this  apparent  border  in  the  specimen  represents  the  real 
border  of  the  bone  cannot  be  determined  without  additional  excava- 
tion of  the  matrix,  here  filling  in  a  narrow  space  between  the  apparent 
margin  and  the  mandible.  It  is  possible  that  there  may  be  no  free 
border,  though  I  think  it  probable  that  there  is  a  smaller  or  larger 
posterior  palatine  vacuity  on  each  side  posteriorly.  It  is  probable 
that  the  sides  of  the  bones  turn  upwards  to  meet  the  niaxillse  in  the 
way  they  are  figured  by  SoUas  in  Plcsiosaurus.^ 

The  posterior  pointed  extremities  of  the  vomers  are  seen  in  the 
middle  in  front,  enclosed  between  the  V-shaped  suture  of  the  pala- 
tines. The  suture  seems  to  be  visible  to  the  border  of  the  palatine 
and  includes  no  part  of  a  narial  opening.  The  nares  hence  must  be 
situated  far  forward  between  the  vomers  and  the  maxilla\  Unfor- 
tunately this  part  of  the  skull  has  been  injured  somewhat  before 
removal,  and  the  complete  structure  here  cannot  be  determined. 

The  so-called  ^^ parasp/irnoiif'  is  different  from  that  element  in 
other  plesiosaurs.  It  is  a  single  bone  separating  the  interptery^oid 
vacuities.  As  seen  from  below,  it  is  spindle-shaped,  narrow  in  thu 
middle,  moderately  expanded  at  either  extremity.  Posteriorly  it  is 
joined  by  a  clearly  marked  suture  with  the  basisphenoid.  Anteri- 
orly it  joins  the  two  pterygoids  in  the  entrant  angles,  but  does  not 
extend  much,  if  any,  beyond  the  angle.  The  vacuities  separated  by 
this  bone  are  long  and  oval,  situated  at  the  bottom  oi  the  fossa 
already  described,   between  the  pterygoids  and   in  front  of  the  basi- 
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sphenoid.  It  would  seem  that  there  could  be  no  further  question  as 
to  the  character  of  these  vacuities — simply  fortuitous  openings — 
separated  by  a  remarkably  persistent,  well-ossified  parasphenoid, 
invariably  found  in  all  plesiosaurs,  but  never  in  their  nearest  allies, 
the  turtles  and  nothosaurs.  In  most  of  the  plesiosaurs  in  which  the 
palate  is  known,  the  openings  are  situated  'more  nearly  upon  the 
plane  of  the  palate,  and,  though  somewhat  variable  in  shape,  are 
always  of  moderate  or  considerable  size.  In  this  species,  however, 
they  are  at  the  bottom  of  a  well-marked,  rather  deep  fossa,  with  w^ell 
defined  lateral  walls  and  a  sloping  posterior  roof. 

These  foramina  in  the  plesiosaur  skull  were  first  thought  to  be 
the  nares  by  Owen,  who,  however,  confounded  the  anterior  part  of 
the  pterygoids  with  the  palatines.  Huxley,  who  was  also  not  clear 
about  the  palatines,  suggested  that  the  real  internal  nares  were  smaller 
oi)enings  situated  more  anteriorly.  Sollas  (1.  c.)  discussed  the  matter 
more  at  length  and  reached  the  conclusion  that  the  real  internal  nares 
were  situated  far  in  front,  between  the  premaxilla  and  vomer,  with 
the  palatines  probably  entering  into  the  posterior  border.  Andrews 
has  accepted  this  location  of  the  nares,  and  has  figured  and  described 
the  openings  in  three  genera  of  the  plesiosaurs,  always  bounded  by 
vomer,  palatine  and  maxilla.  In  Dolichorhynchops  oshorni^  however, 
as  seen  from  the  figure  and  descriptions,  these  openings  can  only  be 
situated  between  the  vomers  and  palatines  and  at  some  distance 
from  the  maxilla'.  In  my  description  1  accepted  these  orifices  as  the 
true  nares,  though  greatly  astonished  at  their  minute  size,  and 
although  they  correspond  with  similar  foramina  between  the  vomers, 
in  the  mosasaurs. 

If  we  are  to  seek  for  the  nares  in  their  present  specimen  else- 
where than  in  the  openings  1  have  described  it  must  be  far  forward, 
perhaps  in  precisely  the  position  assigned  to  them  by  Sollas.  In  all 
the  known  forms,  with  this  interpretation,  they  would  be  in  front  of 
the  external  nostrils,  in  the  present  species  far  in  front.  \\'hat 
})ossihle  combination  of  circumstances  would  have  caused  the  recession 
of  the  external  nostrils  to  a  place  so  close  to  the  orbits  without 
ahecting  the  position  of  the  internal  openings?  1  certainly  suspect 
that  in  this  species  at  least  the  openings  between  the  pterygoids  are 
the  real  internal  nares.  As  to  the  character  of  the  separating  element 
1  am  forced  to  the  conclusion  that  Andrews  has  reached,  that  it  is 
the  parasphenoid.  It  the  element  in  front  called  the  vomers  are 
nally  those  bones,  and  there  could  seem  to  be  no  doubt  that  they  are, 
there  is  nothing  else  left,  save  possibly  the  turbinated  bones. 
The   slender   bone   in    precisely   similar  position   in   the  ichthyosaurs 


Apr.  1903.     North  American  Plesiosaurs — Williston.  61 

is  usually  called  the  presphenoid.  Such  perfect  and  persistent 
ossification  of  the  parasphenoid,  scarcely  found  elsewhere  among  the 
reptilia,  unless  it  be  the  snakes,  is  in  any  case  remarkable.  Why 
should  it  be  persistent  in  separating  such  persistent  foramina,  unless 
the  openings  were  of  functional  importance?  One  would  expect 
that  the  pterygoids  would  have  united  along  the  whole  median 
line,  as  in  the  Nothosauria,  or  that  they  should  have  closfed  up 
in  front  of  the  basisphenoid,  as  in  the  Chelonia.  SoUas  objects 
to  this  posterior  position  of  the  nostrils,  because  there  is  no  ossified 
canal  for  the  air  passages,  as  in  the  crocodiles;  but  his  specimen,  as 
ours,  would  call  for  a  canal  running  in  the  opposite  direction,  from 
the  posteriorly  situated  external  nares  anteriorly  to  the  internal  open- 
ings, and,  in  the  present  species,  this  canal  would  have  been  eight  or 
more  inches  in  length.  And  why  may  not  the  canal  have  been 
cartilaginous  in  either  case? 

Mandible. — The  mandibles  are  nearly  in  place  on  the  under  side 
of  the  skull.  They  are  a  little  compressed  from  above  downward. 
The  symphysis  is  short,  the  two  jaws  meeting  in  a  considerable  angle. 
The  portion  in  front  of  the  posterior  end  of  the  symphysis  has  been 
somewhat  injured  in  the  specimen,  so  that  the  precise  shape  and 
length  can  not  be  ascertained.  The  angular  extends  posteriorly  into 
a  relatively  short  process;  the  expansion  below  the  cotylar  cavity 
is  rounded.  In  front  of  the  cavity,  the  angular  extends  forward  to 
within  six  inches  of  the  symphysial  angle,  terminating  in  a  slender, 
sharp  end.  From  a  little  in  front  of  the  middle  of  the  ramus  it  is 
excluded  from  the  inner  surface.  In  front  of  the  cotylar  cavity  the 
greater  width  of  the  outer  surface  is  composed  of  the  surangular. 
Between  these  two  bones,  the  dentary  sends  a  long,  slender  process 
backward  to  within  six  inches  of  the  cotylar  cavity. 

Length  uf  skull  to  end  of  mandible     ......       i.i  ni. 

Length  of  skull  to  condyle  ........(>  m. 

Width  of  skull  between  outer  margins  of  (luadran*     ...         .28  m. 

Vertebr>e. — The  atlanto-axial  complex  is  thoroughly  united,  with- 
out indications  of  sutural  division.  The  axial  rib  appears  to  be 
united  with  the  axis  only,  though  it  may  come  in  contact  with  thr 
axial  intercentrum.  The  atlas  is  convex  from  side  to  sidc^  without 
indication  of  a  median  carina.  The  other  cervical  centra,  as  seen 
from  below,  are  nearly  flat,  with  a  slight  convexity  in  the  middle,  and 
a  slight  concavity  on  either  side  before  the  sutural  surface  for  the  rib. 
This  flatness  is  a  natural  character  and  not  due  to  compression.  The 
median  convexity  increases  gradually  throughout  the  cervical  series. 
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The  increase  in  length  of  the  cervical  vertebra*  is  slight,  as  will  be 
seen  from  the  table  of  measurements.  The  articular  margin  of  the 
vertebrae,  throughout  both  the  cervical  and  dorsal  series,  is  sharp, 
not  rounded  for  a  continuation  of  the  cartilaginous  surface,  as  is  so 
often  the  case  among  plesiosaurs.  The  ends,  as  seen  in  the  third 
vertebra,  are  distinctly  though  not  deeply  concave.  The  ventral 
vascular  foramina,  so  characteristic  of  plesiosaur  vertebrae,  appear  to 
be  wanting  throughout  the  whole  series,  nor  is  there  the  slightest 
indication  of  a  median  ridge  and  lateral  grooves.  The  lower  margin 
of  the  rib  articulation  approaches  the  ventral  plane  in  the  early 
cervicals,  but  ascends  somewhat  on  the  sides  of  the  vertebra  in  the 
last  cervical. 

Twenty-two  dorsal  vertebrae  are  preserved  in  natural  sequence. 
Because  of  the  decrease  in  the  length  of  the  transverse  process  in  the 
late  dorsals,  it  does  not  seem  probable  that  more  than  eight  or  ten 
presacral  vertebrae  could  be  missing,  making  altogether  about  thirty, 
the  usual  number  of  dorsal  vertebrae.  The  length  of  the  centra 
increases  more  rapidly,  though  gradually,  in  the  early  dorsals,  and 
then  remains  constant  throughout  the  remainder  of  the  series.  The 
centra  are  deeply  concave  below  and  on  the  sides,  expanding  out- 
wardly on  the  sides  above  to  meet  the  sutural  surface  for  the  arch. 
The  surface  of  the  centra  is  nearly  smooth,  with  but  slight  indications 
of  crenulations  before  the  articular  margins. 

Ribs. — The  ribs  throughout  are  single-headed,  and  of  the  usual 
plesiosaurian  type,  though  proportionally  short  in  the  thoracic  region. 
The  axial  rib  is  flattened  spatulate  at  the  distal  extremity;  massive  at 
the  proximal.  The  lower  surface  is  nearly  flat,  the  upper  surface 
deeply  concave,  the  anterior  border  gently,  the  posterior  border  deeply 
concave.  The  rib  of  the  third  vertebra  is  more  expanded  distally, 
with  the  distal  posterior  margin  somewhat  more  produced,  and  the 
distal  border  thinned.  The  fourth  rib  is  more  expanded  distally,  with 
a  more  pronounced  distal  expansion,  and  the  distal  border  seems  to 
be  thickened  for  cartilage.  The  next  four  or  live  ribs  differ  only 
slightly  from  the  preceding  ones.  The  rib  of  the  tenth  vertebrae  is 
more  elongated  and  slender.  The  attachment  to  the  centrum  is 
sessile  or  nearly  so,  the  head  inserted  in  a  shallow  pit.  In  the 
eleventh  vertebra  there  is  a  distinct  exogenous  process,  standing  out 
twenty  or  twenty-live  millimeters  from  the  surface  of  the  centrum  to 
the  end  of  which  is  attached  the  rib.  This  process  is  equally  as 
prominent,  or  more  prominent  on  the  next  two  centra,  the  twelfth 
and   thirteenth.      The  rib   of   the  twelfth   vertebra  is   intermediate  in 


Apr.  1903.     North  American  Plksiosaurs — Williston.  63 

length  between  that  of  the  eleventh  and  of  the  thirteenth.  On  the 
last  cervical  centrum,  the  thirteenth,  the  twelfth  rib  is  long,  heavy 
and  stout,  more  than  half  the  length  of  the  first  dorsal.  It  is  nearly 
as  stout  as  any  of  the  following,  but  tapers  somewhat  distally,  though 
ending  in  a  truncated,  cartilaginous  extremity.  The  distal  end  of  the 
eleventh  rib  is  lost.  The  first  dorsal  rib  resembles  the  one  preceding 
it,  though  longer.  The  second  dorsal  rib  has  accjuired  nearly  the  full 
length  of  the  thoracic  series.  In  the  ninth  rib  there  is  a  beginning  of 
a  diminution  in  size;  the  rib  is  less  thick,  a  little  shorter,  and  less 
expanded  at  its  extremity.  The  twelfth  rib  is  completely  preserved; 
it  is  yet  smaller  and  thinner  than  the  eleventh,  though  still  possessing 
a  cartilaginous  extremity.  Of  the  following  ribs,  only  the  heads  of 
some  are  preserved. 

D1APOPHY8E8. — The  diapophyses  occupy  an  unusually  low  position 
on  the  arch  of  the  whole  dorsal  series,  as  do  also  the  cervical  ribs. 
They  have  not  been  wholly  freed  from  the  matrix,  and  their  relation 
to  the  articular  process  is  determinable  only  in  slight  part  in  a  few  of 
the  posterior  vertebrae.  The  arch,  like  the  cervical  ribs,  is  united  by 
a  strong,  persistent  suture,  evidently  an  adult  character,  since  the 
sutures  of  the  atlanto-axial  complex  have  been  entirely  obliterated. 
The  process  of  the  first  dorsal  is  short,  compressed,  and  somewhat 
expanded  at  each  extremity;  it  clearly  springs  from  below  the  dorsal 
surface  of  the  centrum.  .\s  already  described,  the  last  cervical  rib, 
but  little  shorter  than  the  first  dorsal  rib,  is  attached  to  a  short 
process  which  arises,  apparently  wholly,  from  the  centrum.  The 
diapophysis  of  the  first  dorsal  is  less  than  twice  the  length  of  this 
process,  and  so  much  like  it  that  its  sutural  connection  with  the 
centrum  is  the  chief  distinctive  difference.  The  second  dorsal  dia- 
pophysis is  a  little  stouter  than,  and  about  twice  as  lon<^  as  the  first. 
Its  articular  surface  for  the  rib  is  larger,  tiattened,  and  looks  down- 
ward and  outward.  The  fourth  and  fifth  processes  have  attained  the 
maximum  size  of  the  series.  They  have  a  narrow,  concave  ventral 
border,  more  strongly  concave  posterior  border,  a  Hattened,  expanded 
proximal  end  for  union  with  the  centrum  and  an  expanded  distal 
extremity  with  its  flattened  oblique  costal  surface.  The  height  of  tin- 
process  distally,  and  its  expansion  beyond  the  plane  of  the  articular 
zygapophyses,  can  not  be  determined.  It  is  very  evident,  howc  vt-r, 
that  the  diapophyses  lie  below  the  plane  of  the  zygapophvses,  in 
which  they  differ  markedly  from  the  diapophyses  of  Dolicliorlixn- 
chops,  where,  throughout  most  of  the  dorsal  vertebnr,  they  are  placed 
wholly  above  the  plane   of  the   zygapophyses.      The  succeeding  dia- 
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pophyses,  to  the  sixteenth  dorsal,  scarcely  differ  in  their  shape  and 
relations  to  the  centrum.  These  vertebrae  may,  therefore,  be  properly 
called  thoracic.  From  the  seventeenth  vertebra  to  the  last  one 
preserved,  the  twenty-second  post-cervical,  the  diapophyses  decrease 
rapidly  in  size,  the  last  being  scarcely  more  than  half  the  length  of 
the  fourth  or  fifth.  In  these  posterior  processes  the  proximal  articu- 
lation of  the  arch  is  as  broad  as  in  any  of  the  others,  but  the  distal 
end  of  the  process  is  more  compressed,  with  only  a  small  surface  for 
the  small  presacral  ribs.  Over  the  twentieth  vertebra  the  matrix  has 
been  cleared  away  sufficiently  to  disclose  a  posterior  zygapophysis. 
The  free  diapophysis  in  this  vertebra  is  about  fifty  millimeters  in 
length,  thirty  in  height,  and  about  twenty  in  width.  The  posterior 
zygapophysis  arches  upward  and  backward  from  the  base  of  the  free 
process. 
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Among  the  characters  which  have  been  given  in  the  foregoing 
descriptions  there  are  some  of  more  than  usual  importance,  of  more 
than  generic  vahie.  It  is  quite  evident  that  the  form  can  not  be 
placed  in  the  same  family  with  DoUchorhytichops  or  Cimoliasaurus 
SNOiuii.  Just  what  family  this  may  be  I  can  not  say  at  present.  It  is 
very  evident  that  we  have  to  do  in  the  plesiosaurs  with  several  dis- 
tinct families,  but  the  material  is  hardly  sufficient  yet  to  clearly  define 
them.  Several  names  have  already  been  proposed,  based  upon  partial 
characters,  but  there  is  no  unanimity  in  their  acceptance,  nor  can 
there  be  until  much  more  is  known  about  these  animals  than  is  the 
case  at  the  present  time. 

The  essential  characters  of  the  present  genus,  so  far  as  known, 
may  be  summarized  as  follows:  Head  large  and  broad;  palatine 
bones  broadly  contiguous;  a  strong  pterygoid  ridge  on  either  side;  a 
deep  interpterygoid  fossa;  neck  very  short;  cervical  ribs  single- 
headed;  cervical  ribs  and  vertebral  arches  united  by  persistent 
suture:  no  infracentral  vascular  foramina. 

Many  of  thx:*se  characters,  possibly  the  union  of  the  palatines  in 
the  median  line,  are  those  of  Pliosaurus:  but  Pliosaurus  has  the 
anterior  cervical  ribs  double-headed,  a  character  supposed  to  be  of 
at  least  family,  possibly  subordinal  value.  Of  this,  however,  I  am 
very  skeptical,  and  it  is  possible  that  a  final  classification  may  locate 
this  genus  with  the  Pliosauridae. 

It  is  very  evident  that  the  elongation  of  the  neck  is  a  specialized 
character  in  the  plesiosaurs,  since  we  can  not  conceive  of  any  animal 
with  so  many  vertebra?  in  the  cervical  region  from  which  these  animals 
could  be  derived.  Considering  this  character  alone,  Klasmosaurus 
would  be  the  most  specialized  of  all  the  plesiosaurs,  and  Brachau' 
chcnius  the  most  generalized.  It  is  a  question,  however,  whether  such 
forms  as  the- present  have  preserved  this  primitive  character  from 
their  terrestrial  ancestors,  with  only  a  slight  increase  in  the  number  of 
the  cervical  vertebras,  or  whether  there  has  been  a  secondary  reduc- 
tion in  the  number  from  some  long-necked  ancestor.  That  the  long- 
necked  plesiosaurs  are  not  all  specialized  throughout,  is  very  evident. 
In  the  species  of  PItsiosaunts,  a  genus  of  long-necked  forms,  the 
epipodial  bones  are  far  more  generalized  in  character  than  are  these 
bones  in  the  short-necked  Polycotyhts^  where  the  epii>odials  have 
become  not  only  broader  than  long,  but  have  actually  increased  in 
number  to  four.  That  an  increase  of  the  number  in  the  cervical 
vertebra.'  is  a  specialized  character  has  already  been  affirmed  by  Baur, 
Dollo  and  Fiirbringer  in  the  Dolichosaurs. 

It  seems  also  evident  that  monocranial   ribs  are  a  specialization. 
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not  only  in  these,  but  in  other  aquatic  air-breathing  vertebrates,  such 
as  the  cetacea,  some  ichthyosaurs  and  the  mosasaurs,  due  to  environ- 
mental causes.  It  is  true  that  all  the  Squamata  show  the  same  single- 
headedness  of  the  ribs,  brought  about  by  similar  conditions — the  lack 
of  the  necessity  of  support  of  the  abdominal  organs  by  the  ribs  in 
animals  resting  prone  upon  the  ground,  or  in  a  medium  of  nearly  the 
same  specific  gravity  as  the  creatures  themselves. 

It  is  a  singular  fact  that,  in  many  plesiosaurs,  vestiges  of  dicran- 
ial  ribs  have  been  retained  in  the  neck,  though  such  have  disappeared 
elsewhere  in  the  vertebral  column;  and  this  character  has  been 
retained  in  both  the  long-necked  and  the  short-necked  types,  such  as 
Plesiosaurus  and  Pliosaurus^  though  utterly  wanting  in  others,  such  as 
Elasmosaunts  with  seventy-two  cervicals  and  the  present  w'ith  only 
thirteen.  Did  the  long-necked  forms  become  differentiated  before 
the  dicranial  character  was  lost,  and  have  they  continued  as  a  distinct 
phyllum  until  the  character  w^as  wholly  lost?  If  so,  the  short-necked 
Pliosaurs  must  represent  a  distinct  branch  of  the  order  which  has  also 

« 

undergone  the  same  change. 

The  Cretaceous  plesiosaurs  of  America,  so  far  as  known,  are  all 
cercidopleural,  while  many  of  the  European  Jurassic  forms  are 
dicranopleural. 

This  is  the  fourth  species  of  plesiosaur  that  I  know  from  the: 
Fort  Benton  deposits  of  Kansas;  there  are  none  certainly  refe'rred  to 
tills  epoch  from  other  regions,  though  Briniosaunis  i^nnii/is  Leidy  is 
probably  of  this  horizon.  The  only  one  of  these  hitherto  described 
is  Trinacrofncrum  lu'ntoniamim  Cragin,  a  long-headed  form  with  long 
mandibular  symphysis  and  short  neck,  a  form  indeed  approaching, 
possibly  identical  with  DolichorJiynchops.  Another  form  known  of 
which  a  considerable  part  of  the  vertebral  column  is  preserved  at  the 
museum  of  the  University  of  Kansas,  is  of  great  size,  the  dorsal  centra 
measuring  live  inches  or  more  in  diameter,  with  a  very  long  neck  and 
small  anterior  cervicals.  The  specimen  is  from  near  Heloit.  It 
represents  a  distinct  species  that  may  i)rovisionally  be  referred  to 
Cimoliasaiirus  or  Ihiniosaurus,  A  third  form  is  much  smaller,  about 
the  size  of  Di>lichorhy}icJiops  oshonii^  with  short  neck.  The  episternum 
is  shown  in  I'ig.  9  and  the  cervical  vertebra'  and  humerus  in  Fl. 
XXX'Ill.  1  suspect  that  it  belonj^s  in  'J^rinair(>nu'nini,  though  smaller 
than  the  type  species.  1  have  called  it  provisionally  l^rifuuroinrrunt 
imonynuun  u.  sp.  Froui  all  these  forms  the  one  described  may  be 
at  once  satisfactoril}-  distinguished  by  the  entire  absence  of  infra- 
central  vascular  foramina. 
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That  the  species  described  in  the  foregoing  pages  belongs  in 
some  genus  named  but  not  recognizably  described  from  a  later  epoch 
is  not  probable,  though  possible.  I  have  therefore  given  the  genus 
the  name  Braclunichenius, 


POLYCOTYLUS  LATIPINNIS. 

Paddle. — Some  years  ago  an  excellent  specimen  of  a  paddle  of  a 
plesiosaur  belonging  in  all  probability  to  Polycoiylus  latipinnis  Cope, 
was  collected  by  Mr.  George  R.  Allman  of  Wallace,  Kansas,  from  the 
upper  Niobrara  chalk  of  the  Smoky  Hill  river,  east  of  Fort  Wallace. 
The  bones  of  the  paddle  were,  for  the  most  part,  found  in  their 
natural  relations,  but  were  separated  in  the  collection  of  them.  The 
radius  and  ulna  of  a  second  paddle,  together  with  some  of  the  smaller 
bones  showed  weathering,  and  doubtless  had  been  picked  up  from  the 
surface.  It  has  required  but  little  trouble  to  fit  into  their  natural 
relations  all  the  bones  except  most  of  the  phalanges,  which,  present- 
ing no  lateral  surfaces  for  articulation,  could  only  be  located  from 
their  other  characters.  A  careful  study  of  these,  however,  makes  it 
probable  that  the  positions  assigned  to  them  in  the  photograph  are 
for  the  most  part  correct.  Because  of  the  considerable  expansion 
distally  of  the  long  bone,  the  paddle  is  supposed  to  be  the  front  one, 
but  it  is  quite  possible  it  may  be  a  hind  one.     PI.  XXI. 

The  head  of  the  humerus  is  large  and  broad,  of  a  flattened  ellip- 
soidal form,  with  the  surface  nearly  evenly  convex  :  it  is  slightly 
crushed  dorso-ventrally.  The  tuberosity,  placrd  at  a  slight  distance 
beyond  the  plane  of  the  proximal  extremity,  is  massive.  It  has  two, 
large,  flattened,  narrowly  separated  surfaces  for  muscular  attachment, 
placed  nearly  at  right  angle  to  the  longitudinal  plane  of  the  bont 
and  sej)arated  from  the  head  by  a  slight  groove  on  either  sidr,  that  ot 
the  ulnar  side  being  the  more  pronounced.  On  the  ulnar  side  of  tlu* 
tuberosity  there  is  a  slight  rugosity,  as  though  for  muscular  attach- 
ment. The  shaft  is  narrowest  ntar  the  upper  third  of  the  hone, 
where  a  cross-section  would  be  nearly  circular,  or  slightly  greater  in 
its  dorso-ventral  diameter.  The  anterior  or  radial  border  is  gently 
convex  on  its  upper  two-thirds,  gently  concave^  below  to  the  rectan- 
gular angle.  The  posterior  border  is  more  deeply  concave*  through- 
out.    The  distal  border  has  a  deep,  cupped,  thickened  facet  at  right 
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angles  to  the  dorso-ventral  plane,  for  the  radius ;  a  second  shorter 
,  and  less  thick  one  for  the  ulna  joins  this  at  a  small  angle  ;  beyond 
this,  the  thinned  ulnar  expansion  is  lost  in  the  specimen,  but  doubt- 
less had  two  facets  for  the  third  and  fourth  bones  of  the  epipodial 
row.  On  the  ventral  surface  of  the  bone  above,  proximad  to  the 
middle,  there  is  a  large,  stout  rugosity  for  muscular  attachment.  The 
very  strong  muscle  attached  to  it  doubtless  arose  from  the  ventral 
surface  of  the  coracoid.  On  the  ulnar  border  of  the  bone,  at  its 
middle,  there  is  a  more  pronounced,  though  smaller  rugosity,  for 
muscular  attachment.  The  peculiar  tooth-like  projections  on  the 
outer  posterior  angle  of  the  coracoid  described  in  Dolichorhynihop}: 
osborni  probably  indicates  the  origin  of  the  muscle  inserted  into 
this  rugosity.  It  may  be  called  the  ulnar  rugosity.  On  the 
radial  border,  a  little  beyond  its  middle,  there  is  a  smaller  and  less 
strong  rugosity  which  may  be  called  the  radial.  The  origin  of  the 
muscle  inserted  here  probably  was  on  the  lower  part  of  the  scapula. 
The  dorsal  surface  of  the  shaft  is  smooth,  without  muscular  roughen- 
ing beyond  the  tuberosity.  The  distal  portion  of  the  bone  is  much 
expanded,  thickest  toward  the  radial  side,  and  moderately  thinned  at 
the  distal  outer  margin. 

Of  the  four  muscular  rugosities,  which  doubtless  furnished 
attachment  for  nearly  all  of  the  muscles  controlling  the  arm,  those  of 
the  tuberosity  are  of  course  the  largest,  though  the  large  rougheninji 
on  the  ventral  side  may  have  been  for  the  insertion  of  more  powerful 
muscles,  which  were  of  course  much  more  effective  from  the  greater 
mechanical  advantage  under  which  they  acted.  The  movement  ht-rt*, 
though  strong,  could  not  have  been  through  a  great  range.  The 
smallest  of  all,  and  placed  much  further  away  from  the  fulcrum  is 
tile  radial.  The  great  convexity  of  the  head  indicates  considerable 
frtiedom  of  rotation.  The  glenoid  surface  in  the  articulated  skeleton 
of  Dolichorhynchops  looks  nearly  directly  outward.  The  obliquity  at 
which  the  head  of  the  humerus  is  plact-d  as  regards  the  horizontal 
plane,  indicates  that  the  natural  resting  position  of  the  flipper  was  at 
about  forty-live  degrees  downward,  but  I  doubt  whether  the  extrem- 
ities of  the  paddles  could  have  be'en  raised  much,  if  any,  above  a 
horizontal  position.  It  is  further  certain  that  the  tlij>pers  could  not 
have  been  brought  back  against  the  side  of  tlu*  body.  The  posterior 
angle  of  the  coracoid.  projecting  as  it  dots  Ih yond  the  j)lane  of  the 
glenoid  surface,  certainly  prevented  any  great  bac  kward  movement 
of  the  humerus.  It  seems  also  evident  from  this  position  of  the  cor- 
acoid, that  tin-  paddle  was  not  so  i)edunculated  as  restorations  usually 
have   them,  but    that  the  humerus  was   largely  or  entirely  hidden   in 
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folds  of  the  skin,  as  was  evidently  also  the  case,  not  only  in  the  ich- 
thyosaurs,  but  also  in  the  mosasaurs. 

The  largest  bone  beyond  the  humerus  is  the  radius.  It  is 
irregularly  four-sided  in  shape;  the  longest  and  convex  proximal  sur- 
face fits  into  the  radial  facet  of  the  humerus;  the  shortest  and  non- 
articular  border,  that  adjoining  the  ulna,  is  emarginated  like  its 
opposing  border  to  form  with  it  a  small  foramen.  Doubtless  these 
two  emarginations  represent  the  last  vestige  of  the  terrestrial  type  of 
the  epipodial  bones.  The  outer  border  of  the  radius,  the  second  in 
length,  is  non-articular  and  thinned,  and  has  an  acute  angle  proxi- 
mally.  The  outer  distal  margin  is  thick  for  articulation  with  the 
radiale  of  the  carpus.  The  inner  distal  border,  next  to  the  shortest 
of  the  four,  is  for  articulation  with  the  mediale. 

The  ulna  is  next  in  size  to  the  radius,  and  is  irregularly  six-sided. 
The  largest,  proximal  border,  is  convex,  like  that  of  the  radius,  and 
joins  the  smaller  facet  of  the  humerus.  The  distal  border  has  three 
facets  of  nearly  equal  length,  and  joining  each  other  in  nearly  equal 
angles.  These  faqets  are  for  the  mediale  externally,  the  ulnare  in  the 
middle,  and  for  the  ulnar  supernumerary,  internally.  On  the  inner 
side  there  is  a  longer  but  thinner  border  for  articulation  with  the  first 
epipodial  supernumerary,  while  the  outer  border  is  emarginated  like 
the  opposing  border  of  the  radius. 

The  next  bone  of  this  row,  articulating  with  the  humerus,  and  of 
considerable  size,  is  one  of  doubtful  homology.  I  will  call  it  the  first 
epipodial  supernumerary.  If  one  follows  Marsh  in  his  views  of  these 
corresponding  bones  in  Baptanoiion^  then  this  bone  is  the  ulna,  and 
the  one  here  called  the  ulna  is  the  medial  carpal.  But  this  inter- 
pretation is  very  doubtful.  Zittel  thinks  this  bone  in  the  ichthyosaurs 
is  the  pisiform,  while  Woodward  calls  it  thu  sesamoid;  but  I  doubt 
these  interpretations  as  well.  Among  the  cetacua,  the  mosasaurs, 
ichthyosaurs  and  plesiosaurs  there  is  a  reduplication  of  bones,  which 
have  been  variously  explained  as  a  splitting  of  thr  phalanges,  either 
directly  or  through  the  intervention  of  the  epiphyses.  The  latti-r 
view  is  hardly  possible,  since  there  are  no  epiphysial  ossifications  in 
most  if  not  all  these  reptiles,  and  besides,  there  would  not  be  enough 
epiphyses  on  the  normal  digit  to  furnish  the  great  number  of  phalanj^es 
seen  in  some  of  the  forms.  The  extra  digits  in  some  ichthyosaurs 
are  also  explained  by  the  longitudinal  division  of  the  normal  phalani^es; 
but  I  cannot  believe  that  this  is  the  correct  explanation.  1  heliLVc 
that  the  supernumerary  digits,  phalanges,  epipodial  or  niesopodial 
bones  found  in  such  species  as  this,  as  well  as  in  most  other  American 
plesiosaurs,     represent    entirely    new    ossifications    in     cartilaginous 
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POLYCOTYLUS  ISCHIADICUS,  N.  SP. 


I  give  this  name  provisionally  to  a  species  from  the  Niobrara 
Cretaceous  of  western  Kansas,  represented  by  a  number  of  bones  in 
the  University  of  Kansas  Museum,  the  most  characteristic  of  which 
are  shown  in  Pis.  X  and  XX\'I.  There  is  no  assurance  what- 
ever, however,  that  they  belong  in  this  genus  ;  on  the  other  hand  they 
may  belong  with  the  type  species,  P,  latipinnis^  or  they  may  belong 
to  some  unrecognized  genus.  The  ischia,  it  is  seen,  differ  very 
markedly  from  the  corresponding  bones  of  Dolichorhyncliops  osborni'xw 
the  shorter  length  of  the  symphysial  portion,  in  the  greater  breadth  of 
the  neck,  and  in  the  smaller  extent  of  the  cartilaginous  rim  }>ostcfri- 
orly.  The  bones  are  also  more  massive  and  the  face  for  the  ilium  is 
larger.  The  ilia  also  are  materially  different,  in  the  greater  expan- 
sion proximally,  and  in  the  absence  of  the  lateral  angular  face  dis- 
tally.  They  have  a  somew^hat,  curved  neck,  with  a  rounded  head 
showing  a  cartilaginous  surface.  The  transverse  processes  of  the 
sacral  vertebra^  are  more  massive  than  in  that  species,  with  a  consid- 
erable expansion  proximally,  a  cylindrical  shaft  and  a  terminal,  some- 
what oblique  face  for  articulation  with  the  ilium.  The  somewhat 
compressed  sacral  vertebra  is  shown  from  its  ventral  surface. 

A  specimen  from  the  Niobrara  in  the  Kansas  Museum,  comj)rising 
a  number  of  caudal  vertc>brie  and  a  portion  of  tht^  pelvis.  I  nfer  witli 
much  more  assurance  to  P,  latipinnis  Cope.  The  vertebra-  difier  very 
materially  from  the  j^resent,  and  the  prol)ability  is,  therefore,  that  /'. 
ischiaiiicus  is  not  a  synonym  of  /'.  latipinfiis. 


PLESIOSALIRUS  GOULDll. 

riisi<>\iiurus  ;v'//A/// Williston,  Kansas  Iniv.  (hiart.  vi,  ]^.  57,  Jan.  1S97. 

Among  the  material  collected  in  the  Lower  Cretaceous  shales  of 
Clark  county,  Kansas,  by  Prof.  C.  N.  Ciould,  and  now  preserved  in 
the  museum  of  the  Universitv  of  Kansas,  are  the  remains  of  at  least 
thrt-e  different  fc^rms  of  IMesiosaurs,  all,  however,  re])resented  by 
ratht-r  inc(Miiplete  material.  Portions  of  one  of  these  forms  ( /V^\/r'- 
Miitrus   /////^ov  (/)  Cr.)  are   figured   else\shere    in    this    paper;    another 
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was  briefly  described  by  me  several  years  a^o  under  the  name  of 
Pli'siosaurus  ^ouldii.  The  species  is  referred  to  Plcsiosaiirus  because 
no  better  place  is  known  for  it ;  in  all  probability  it  really  belon«j^s  to 
some  other  genus.  The  species  w'as  based  upon  several  dorsal  ver- 
tebrae in  fairly  good  preservation,  one  of  w^hich,  the  best,  is  herewith 
figured.    (PL  XXVII.) 

The  specimen  shows  little  compression,  and  its  form  is  doubt- 
less normal.  The  anterior  face  is  rather  deeply  concave,  cordate  in 
outline,  with  a  small  neural  depression  above.  The  anterior  zyga- 
pophyses  are  spout-like,  the  notch  between  them  not  extending 
further  than  the  middle  of  the  articular  surfaces.  The  spine  is 
rather  short  and  small.  The  transverse  processes  are  compressed, 
springing  in  part  below  the  neural  canal  from  tht-  base  of  the  arch. 
The  body  is  compressed  in  the  middle,  forming  an  obtusely  rounded 
surface  below.  About  midway  on  the  sides,  below  the  lower  root  of 
the  transverse  processes,  the  side  is  pinched  in,  with  a  small  vascular 
foramen  at  the  bottom  of  the  depression. 

The  vertebra  described  probably  belongs  near  the  sacrum.  Its 
measurements  are  as  follows: 


Width  of  anterior  end  of  centrum 

Vertical  diameter,  same  end 

Length  of  centrum 

Height  of  vertebra 

Expanse  of  transverse  processes 

Width  of  neural  canal 

Expanse  of  anterior  zygapopliyses 


1 10  nun. 
75 
79 

I7S 

30 

£;o 


PROPODIAL  BONES  OF  YOUNG  PLESIOSAURS. 


It  is  an  interesting  fact  that  isolated  propodial  bones  of  yoiiiii; 
plcsiosaurs  are  not  at  all  rare  in  the  Kansas  chalk  ;  no  more  so  iiidt  ed 
than  are  bones  of  the  adult  animals.  I  have  seen  more  than  a  score 
of  such,  and  four  or  five  are  now  preserved  in  the  museum  of  tlie 
University  of  Kansas;  there  are  many  others  in  the  Vale  museum. 
Four  of  these  bones  are  shown  in  PI.  XXIII;  a  fifth  one,  more  immature 
than  any  of  those,  is  figured  in  PL  XXI 1,  Figs.  1-4.  All  such 
bones  are  composed  of  more  dense  tissue  than  is  observed  in  adult 
bones.  Especially  is  the  structure  dense  in  the  youngest  specimen 
here  figured.     In  this  specimen  the  head  of  the  bone  is  not  at  all  dif- 
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ferentiated,  nor  are  there  any  muscular  markings.  On  the  posterior 
border,  near  where  the  ulnar  rugosity  should  be,  there  are  the  open- 
ings of  two  large  canals,  one  on  either  side  of  the  margin  (/'  and  c  of 
the  figures).  On  what  seems  to  be  the  ventral  surface,  near  the 
front  border  of  the  bone  and  nearly  opposite  the  other  openings, 
there  is  a  large  one  with  its  mouth,  as  in  the  others,  directed  distally. 
On  the  dorsal  surface,  and  near  the  middle  transversely,  there  is  a 
fourth  opening,  much  smaller  than  the  others.  All  of  these  canals 
unite  near  the  center  of  the  bone  in  a  rounded  cavity  or  ampulla,  as 
shown  in  Figs.  3  and  4.  In  PI.  XXIII,  Fig.  i,  a  large  opening  is  seen 
on  the  posterior  border  below  a  rugose  space,  and  another  opening 
is  seen  towards  the  front  leading  into  a  groove.  This  was  apparently 
a  canal  leading  into  a  groove  on  the  opposite  side  of  the  bone  in  the 
uninjured  specimen,  with  another  opening  corresponding  to  the  fora- 
men which  lead  into  a  groove  shown  in  the  photograph  on  the 
exposed  surface  of  the  bone.  The  bone  was,  however,  injured  before 
1  studied  it,  as  is  indicated  by  t'he  restored  border  in  the  figure. 
The  posterior  opening  probably  corresponds  to  the  united  /'  and  r  of 
the  other  figures.  In  Fig.  2  of  this  plate  is  also  seen  a  foramen  on 
the  posterior  margin  of  the  bone  (the  left  one  of  the  figure).  All 
these  three  bones  are  probably  humeri.  Figs.  4  and  5  of  the  plate  do 
not  show  these  canals ;  from  their  shape  they  are  probably  femora. 
In  V\^.  I,  PI.  XXll,  there  is  seen  at  the  lower  margin  a  groove 
(e),  ])artly  converted  into  a  canal,  which  probably  corresponds  to  one 
or  the  other  ot  the  grooves  ol  Fig.  i,  PI.  XXIII.  1  believe  this 
groove  corr<.sponds  to  the  ectepicondylar  groove  or  foramen  of  the 
chelonia,  hicertilia,  Helodon,  Champsosaurus,  and  some  of  the  notho- 
saurs  and  ichthvosaurs.  1  mav  acid  that  a  similar  groove  is  sometimes 
indicated  in  the  humerus  of  the  mosasaurs.  as  shown  in  PI.  XL1\', 
\'()1.  W  of  the  I'niversitv  (ji'ological  Snrve\'  of  Kansas.  Whv  these 
(  anals  and  grooves  should  disa])pear  in  the  adult  humerus  is  not 
ap]")annt  :  they  arc-  doubtk'ss  for  the  passage  of  vessels.  The 
ampulla  at  the  junction  of  the  four  canals  in  the  embryonic  bone  is 
bitween  the  apices  of  two  conical  ''epiphyses,''  the  larger  epiphysis 
(>c-cupyinj4  the  chief  part  ot  the  distal  ])()rtion  of  the  bone,  the  smaller 
one  the  proximal.  The  fractured  specimen  discloses  these  epiphyses 
with  a  smooth  round«(l  surface,  as  shown  in  PI.  XXll,  Fig.  3, 
the  outrr  part  peelinj:^  away  as  does  the-  bark  from  a  tree. 

This  rphiphysial-like  method  of  ossification  has  been  compared 
with  a  somewhat  similar  structure-  in  the  Chelonians  as  an  evidence  of 
li  latiouship  l)«.-t\v»'eii  the  two  orders  of  reptiles. 
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A  PECULIAR  FOOD  HABIT  OF  THE  PLESIOSAURS. 


More  than  twenty  years  ago,  Professor  H.  F.  Mudge  published, 
in  the  First  Biennial  Report  of  the  Kansas  State  Board  of  Agricul- 
ture (p.  62),  the  following:  **ln  the  Plesiosaurs  we  found  another 
interesting  feature  showing  an  aid  to  digestion,  similar  to  that  of  many 
living  reptiles  and  some  birds.  This  consisted  of  well-worn  siliceous 
pebbles,  from  one-fourth  to  one-half  an  inch  in  diameter.  They  were 
the  more  curious,  as  we  never  found  such  pebbles  in  the  chalk  or 
shales  of  the  Niobrara.'*  The  specimens  which  led  to  this  conclusion 
were  collected  while  I  was  a  member  of  Professor  Mudge's  party,  and 
are  now  preserved  in  the  Yale  collection.  Nearly  ten  years  ago  some 
plesiosaur  bones  collected  near  Ellsworth,  Kansas,  from  the  Benton 
limestone,  were  sent  to  the  Kansas  University  museum,  together  with 
a  lot  of  siliceous  stones,  with  a  request  for  information  concerning 
both.  At  the  first  opportunity  I  visited  the  locality  whence  they  had 
been  discovered  and  collected  what  had  been  left  of  the  specimen. 
The  bones  were  in  a  poor  state  of  preservation,  due  to  the  effects  of 
frost,  but  by  carefully  digging  over  the  shale  in  which  they  occurred 
we  obtained  about  one  Hundred  and  twenty-five  of  the  pebbles, 
together  with  several  dorsal  vertebra*  and  ribs.  Some  of  tht-  pebbles 
were  still  attached  to  the  ribs  by  the  original  matrix,  making  it  cer- 
tain that  their  deposition  was  contemporaneous  with  that  of  the  skel- 
eton. The  plesiosaur  is  one  of  the  largest  of  the  ordt-r,  thu  dorsal 
centra  measuring  five  or  more  inches  in  diameter.  In  all  probability 
the  species  is  identical  with  that  mentioned  in  the  preceding  pages 
as  coming  from  the  vicinity  of  Beloit.  It  is  impossible  to 
determine  the  genus,  and  the  species  is  yet  undescribed.  Thi- 
pebbles  vary  in  weight  from  less  than  one  gramme  to  more 
than  one  hundred  and  seventy  grammes.  The  smaller  ones  were 
worn  into  more  or  less  perfect  ellipsoids,  but  the  larger  ones  are 
more  irregular  in  shape,  having  suffered  less  abrasion.  It  seems 
probable  that  the  most  of  the  pebbles  had  been  obtained  by  the 
animal  from  the  sea  beaches  bordering  the  Black  Hills,  but  not  a 
few  of  them,  consisting  of  red  (juartzite,  are  (juite  identical  with  the 
quartzite  boulders  so  often  found  in  the  drift  of  eastern  Kansas, 
which  have  come  from  the  vicinitv  of  Sioux  City,  Iowa. 

The  specimens  show  conclusively  that  the  pyloric  orifice  of  the 
plesiosaurs  must  have  been  well  provided  with  a  sphincter,  and  that 
no  solid   substances   passed    into    the  intestinal    canal.        One   net-d 
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never   expect    to    find    plesiosaur  coprolites    containing    undigested 
remains  of  bones  or  other  solid  material. 

The  nearest  place  where  the  animal  could  have  found  such 
pebbles  on  the  sea  beaches  must  have  been  several  hundred  miles 
away  from  Ellsworth,  where  the  animal  finally  perished.  We  may 
conclude,  hence,  that*  the  plesiosaurs  were  roving  animals. 

Since  the  discovery  of  this  specimen  two  others  with  siliceous 
pebbles  have  been  received  at  the  Kansas  University  museum,  one 
from  the  Niobrara  of  Kansas  and  the  other  from  the  Comanche  Cre- 
taceous of  Clark  County,  Kansas  (PI.  XXIX.)  In  neither  of  these 
cases  were  the  pebbles  worn  into  such  regular  figures  as  in  the 
Henton  specimen,  and  all  the  pebbles  were  dark  in  color,  none  of 
them  (juartzite. 

What  the  use  of  these  pebbles  was  I  will  not  venture  to  say. 
Thi'y  may  have  served  as  a  sort  of  weight  to  regulate  the  specific 
gravity  of  the  animals,  or  they  may  have  been  swallowed  accidentally. 
If.  as  1  believe  probable,  the  plesiosaurs  were  in  the  habit  of  feeding 
upon  invertebrate  animals,  seeking  such  in  the  shallow  muddy 
bottoms,  the  pebbles  may  have  been  taken  with  their  food  uninten- 
tionally. I  doubt  this,  however.  I  may  add  that  all  specimens  do 
not  ri'veal  similar  pebbles.  In  the  specimen  of  Dolichorhynchops 
oshortii^  described  in  the  preceding  pages,  where  one  would  certainly 
ex]^ect  to  fnul  tiuni,  tluiv  were  none.  Possibly  it  was  only  the 
broatUluiuled  and  moii'  omnivorous  kinds  that  resorted  to  this 
pi  ruliar  diet,  the  loni^-snouted  types  biing  more  exclusively  fisli-eat- 
in^  in  habit. 

Cnu  odiles  and  seals  are  said  to  have  similar  habits,  but  I  have 
uiU  learuid  \\\v  reason  llieretor. 

Mau\  Years  at!<>,  a  similar  habit  was  recorded  of  the  tt-leosaurs 
by  (.leoltiov  St.  Hilairt.  in  the  Memoires  de  TAcad.  d<.s  Sci. ,  xxii,  p. 
4S.  1S33.  CM  the  pK'siosaurs,  the  only  recorded  notice,  otlur  th^in  by 
m\>rlt,  that  I  van  tind  ot  such  habits  is  the  tollowinir  by  Seelev 
^t>uail.  Jour,  cieol.  Soc  xxxiii,   1S77.  p.  54^^): 

•*  lu  the  lowei  dorsal  rii;ion  ot  the  animal  (J/;. '\7.vi\m/.^ -;.-.x-  ^\7/-./- 
.  )  about  a  ]H'rk  ot  ovate  and  roinukd  pebbles  orcurred.  varyinij  in 
^i/t  tiom  .1  dianu  tei  ot  a  i]uartv  r  k^\  aw  i:u!i  to  a  Knirth  ot  nearly  two 
iuehe>.  \\\K\  aie  rhiitU  ot  vM\u]u<.  milky  v|ua:i/.  si  v^ral  are  ot 
bUu  k.  nu  lanivM  pl\osi  i!  >lati  .  aiui  a  t«.  w  M  al:<.i\d,  t::u -sprained  sand- 
>tont  and  iionstoiu  .  sonu-  vM  tlu  pei^b'u^  si^nvint:  a  vciiud  character. 
^\ii!\  a^  mi;L:lu  In  vi^iivvd  tivMV.  tV.e  :n  i^i^.lv'*:  :r.i:  Talcorv^ic  rocks  of  thi 
viMl!\  vM  l-':a'.ui.  l\bbKs  bi  ir.c  v't  siu'^.  :a:\  vH'v  ::::>  v.ct  in  tlu  Gault. 
:;  uv^;:!J.  st  t  m   im:.:!.:!    tv^    .ivW^Vin;    tv^v    t:u  sv    .;<s.v^:a:^  vi    v^:ii  s   bv  thr 
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hypothesis  that  they  were  swallowed  by  the  animal  with  food,  as  is 
the  case  with  several  living  reptiles  and  birds.  If  this  view  should  be 
held  admissible,  it  would  suggest  that,  as  the  teeth  were  too  small 
for  anything  but  prehension,  a  structure  analogous  to  a  gizzard  or  the 
stomach  of  an  edentate,  may  have  used  these  pebbles  to  assist  in 
breaking  up  or  crushing  the  food  on  which  the  saurian  lived." 
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PUTE  I. 

Skeleton  of  DolichorkynckoPs  osbomi,  as  mounted;  1/16  natural  size. 
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PUTE  II. 

U  
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Skull  of  type  specimen  of  DolichorhynckaP$  osbomit  from  the  left  (reversed). 
X7/24. 
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Plate  III. 

Skull  of  Dolick&rkynckaps  osbomL    X  7/24. 

Fig.  I,  type  specimen,  from  the  right 

Fig.  3,  restoration,  from  the  left 

ang,  angular;  d,  dentary;  eo,  exoccipital;  €p,  epipterygoid;/,  frontal;/,  jugal; 
m,  maxilla;  n,  nasal;  Pa,  parietal;  Pet,  petrosal;  pt,  pterygoid;  pi,  palatine;  Pm, 
premaxilla;  Pf,  prefrontal;  pof,  postorbital  (postfronto-orbital?);  q,  quadrate;  qj, 
quadratojugal;  sc,  sclerotic  plates;  so,  supraoccipital;  sq,  squamosal;  sur,  surangu- 
lar;  v,  vomer. 
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PUTE  IV. 

Skull  of  Dolichorkynchaps  osbomi,    X  i/3* 

Fig.  I,  from  above. 

Fig.  2,  from  below. 

bo,  occipital  condyle;  en,  external  nares;  ^,  ectopterygoid; /,  frontal;  in, 
internal  nares  (the  letters  are  on  the  anterior  end  of  the  palatine);  y,  jugal,  mx, 
maxilla;  pa,  parietal;  pf^  prefrontal;  Pm,  premaxilla;  pt,  pterygoid;  pof,  post- 
orbital;  q,  quadrate;  qj,  quadratojugal ;  sq^  squamosal 
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Skull  Op  Dolichorhynchops 
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Plate  V. 

Inner  side  of  the  left  mandible  of  various  reptiles. 
Fig.  I,  Sphenodon, 
Fig.  2,  CMydra, 
Fig.  3,  Alligator. 
I^ig*  4»  Varanus, 
Fig.  5,  Cimoliasaurus  snowii, 

art,  articular;  sur,  surangular;  ang,  angular;  c,  coronoid;  Pa,  prearticular; 
sp,  splenial;  d,  dentary;  mg»  Meckel's  groove. 
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Inner  Side  of  the  Left  Mandible  of  Various  Reptiles. 
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Plate  VI. 

Fourth  to  eighteenth  cervical  vertebrae  of  DoiickorkynckoPs  esb^mi,  from 

below.    X4/15. 
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Cervical  Vertebr'E  of  Dolichorhvnchops  osborni. 


Pun  VII. 

Seventh  to  fourteenth  cervical  vertebrae  of  Dolichorhynchops  osbomi,  from 
the  side.     X4/15. 
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PuTi  vin. 

Median  cervical  vertebrae  of  Dolichorkynckops  osbomi,  from  the  front.    X4/15. 
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PUTE  IX. 

Posterior  cervical  vertebrae  of  DolichorkynckoPs  osbamit  from  behind.    4/1$. 
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Plate  X. 

Left  series,  distal  caudal  vertebrae  of  DoHckorkynch^ps  oshormi,  from  above. 

XI 1/24. 

Rif^t  series,  cervical  vertebrse  of   Polycotylus  isckuuttcus,  from   below. 
XI 1/24. 
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Plate  XI. 
Thoracic  and  abdominal  riba  of  Doliekorkymcha^  ^skami.    X 1/3. 
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Pun  XII. 


Bonet  of  pectoral  girdle  of  lMiek»rkymck&^  otk^nu.    X7/13. 
Upper  left  figure,  ri|^t  tcapuU.  from  wittKMit 
Upper  right  figure,  left  tcapoU.  from  whhiB. 
Lower  left  figure,  left  clavicle,  from  above. 
Lower  right  figure,  epistemum,  from  below. 
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Plate  XIII. 

Bonet  of  pectoral  girdle  of  Holickarkymchu^  oibami^  from  above.    X3A4. 

Upper  left  figure,  left  clavicle. 

Upper  middle  figure,  epistemum. 

Upper  right  figure,  scapula. 

Lower  left  figure,  right  coracoid. 

Lower  right  figure,  humerus. 
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Pectoral  Girdle  o^  Dolichorhymchops  osborni,  from  Above. 


Plats  XIV. 

Pectoral  girdle  of  DolichorhynchoPs  osbamu 

Upper  figure,  left  clavicle,  scapula  and  upper  extremity  of  coraooid,  articii- 
lated»  from  above.    X 1/3. 

Lower  figures,  scapulo-clavicular  girdle  of  same,  from  in  front.    X 1/4. 
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Pectoral  Girdle  of  Dolichorhynchops  0SBO(in\. 


Plati  XV. 

Complete  pectoral  girdle  of  Dolichorhynchops  oshomi^  from  beUnr,  articu- 
lated.   X 1/4. 
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Pectoral  Girqle  of  Dolicmorhvnchops  ossorni. 


Plate  XVI. 
Pubes  of  DolichorhynchoPs  osbomi,  from  above.    X3/8. 
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PUTE  XVII. 

Right  ischium  (left  figure)  and  ilium  of  Dolick^rkytukopsos^ami^^t^wotni 
surface.    X3/8. 
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Plate  XVIII. 

Outlines  of  pectoral  and  pelvic  girdles  of  different  plesiosaurs. 
Fig.  I,  pectoral  girdle  of  Cryptoclidus  oxoniensis,  after  Andrews. 
Fig.  2,  pelvic  girdle  of  same,  after  Andrews. 

Fig.  3,  pelvic  girdle  of  Cimoliasaurus  sp,  from  a  photograph  furnished  by 
Prof.  Fraas. 

Fig.  4,  pelvic  girdle  of  Cimoliasaurus  trochanterius,  after  Lydekker. 

Fig.  5,  pectoral  girdle  of  Piesiosaurus  sP,  from  photograph  from  Prof.  Fraas. 

Fig.  6,  pectoral  girdle  of  Muranosaurus,  after  Andrews. 

Fig.  7,  pelvic  girdle  of  same,  after  Andrews. 

Fig.  8,  pelvic  girdle  of  same,  from  the  side,  after  Andrews. 

ic,  epistemum;  cl,  clavicle;  sc,  scapula;  co^  coracoid;/^»,  pubis;  is,  ischium. 
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Pectoral  and  Pelvic  Girdles  of  Plesiosaurs. 
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PUTE  XIX. 

Pectoral  and  pelvic  girdles  of  plesiosaurs. 

Fig.  I,  pectoral  girdle  of  Plesiosaurus,  after  Owen. 

Fig.  2,  pectoral  girdle  of  Plesiosaurus,  after  Woodward. 

Fig.  3,  pectoral  girdle  of  Plesiosaurus  laticepSt  after  Owen. 

Fig.  4,  pectoral  girdle  of  Elasmosaurus  platyurus,  after  Cope. 

Fig.  5,  pelvic  girdle  of  same,  after  Cope. 

ic,  epistemum;  cl,  clavicle;  sc,  scapula;  co,  coracoid;^,  pubis;  w,  ischium. 
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Pectoral  and  Pelvic  Girdles  of  Plesiosaurs. 


PUTE  XX. 

Limbs,  as  mounted,  of  Dolichorkynchops  oslwmi,  dorsal  surface.     X 1/4. 
Left  figure,  right  pectoral  paddle. 
Right  figure,  right  pelvic  paddle. 
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Plate  XXI. 
Right  pectoral  paddle  of  Polycotylus  latipinnis  Cope,  palmar  surface.     X  i/6. 
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Paddle  of  PoLvcorvLus  latipinnis. 


PUTE   XXII. 

Figs.  1-4,  propodial  bone  of  young  plesiosaur,  from  Niobrara  Cretaceous. 

X3/4. 

Fig.  5,  atlanto-axis  of  DolichorhynchoPs  oshomi,  from  the  side.     X3/4. 

ati,  atlantal  intercentrum;  axi,  axial  intercentrum;  »,  atlantal  neurapophysis; 

o,  odontoid;  r,  pit  for  reception  of  axial  rib;  na,  axial  neurapophysis;  5,  zyga- 

pophysis. 


Phopooial  Bone  of  Young  Pleisos*uh,    Atl*nto*iiis  o?  Dolichorhynchops  Q=.aciw*v, 


Plate  XXIII. 

Propodial  bones  of  young  plesiosaurs,  from  the  Niobrara  Cretaceous  of  Kan- 
sas.    X 1/2. 
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PUTE  XXIV. 

Palatal  view  of  type  specimen  of   BrackamcJUnims  htcasi  (redrawn  from 
photograph  and  sketch).    Xs/25. 

//,  pterygoid;  ep^  ectopterygoid;  Pa,  palatine;  /x,  parasphenoid;  v,  vomer; 

bs,  basisphenoid. 
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PuTC  XXV. 

Posterior  cenriod  and  dorul  vertebre,  and  riba  of  Braehtmckmimt  Imcmti. 
from  below.    Xi/ia 
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Vertebric  and  Ribs  of  Brachauchenius  lucasi. 
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Plate  XXVI. 

Pelvic  bones  of  Pofycotylus  ischiadUus  WilHst,  visceral  surface.    Xi/Jp 
tf,  ischium;  f7,  ilium;  sP^  sacral  rib;  nr,  sacral  vertebra. 


.     yf  J 


'   *.  "■.-.     •  V.—-  -.  VV.rV      .■•■'.'      •■'•:.  .1  :  » 


..■■■!■■"  r  -.-i  I   .. 


■■» : 


\»  ■ 


I  - .    ■  ^ 


^ 


I  ■ 


'     I'  • 


■  1)!^ 


.."  ■■  1-! 


■  I  ;    .-i  j: 


Plate  XXVII. 

Fig.  I,  episternum  and  portion  of  clavicles  of  PUsio$aurus  MM^^f/i  (/)  Cragin, 
from  below.    X 1/2. 

Fig.  2,  dorsal  vertebra  of  PUsiosaurus  gouldii  (type  specimen),  from  the 
front.    X 1/2. 

Fig.  3,  the  same,  from  the  side.     X 1/2. 

Drawn  by  Sidney  Prentice. 


.l€    S.-'-        / 


( 


Plate  XXVIII. 

Trinacromtrum  anonymum  V/iWivL    X3/11. 
Upper  figures,  parts  of  ilium  and  coracoid. 

Lower  figures,  humerus,  as  restored,  and  cervical  vertebrae. 
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Plate  XXIX. 
"  Stomach  pebbles/*  vertebrae  and  femur  of  PUsiosaurus  mudgH  Cnigin»  reduced. 
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CATALOGUE  OF  THE  COLLECTION  OF 
METEORITES,  MAY  1,  1903. 

BY 

OLIVER  CUMMINGS  FARRINGTON. 


INTRODUCTION. 

Since  the  first  catalogue  of  the  meteorite  collection  was  issued  * 
over  seventy  falls  have  been  added  and  a  number  of  other  changes  made. 

It  has,  therefore,  seemed  desirable  to  prepare  a  second  catalogue, 
not  only  to  record  the  growth  of  the  collection,  but  also  to  contribute 
new  data  to  the  subject  of  meteorites  in  general. 

The  following  table  shows  the  additions  to  the  collection: 

July  15.  1895.  May  1. 1903. 

Number  of  falls  represented -  179  251 

Total  weight- 2,099  kgs.  (4,627  lbs.)  2,289  kgs.  (5,048  lbs.) 

Number  of  casts _ 47  61 

Number  of  micro-sections 5  26 

The  weight  of  the  collection  in  1895,  ^^  given  above,  has  been 
changed  from  that  stated  in  the  first  catalogue  by  the  deduction  of  the 
Santa  Catharina  irons,  formerly  regarded  as  meteoric. 

The  following  falls  have  an  especially  large  representation  in  the 
collection:  Bluff,  Brenham,  Canon  Diablo,  Colfax,  Crab  Orchard,  Farm- 
ington,  Forest  City,  Hopewell  Mounds,  Indian  Valley,  Kenton  County, 
Long  Island,  Saline,  and  Toluca.  The  weights  of  these  falls  possessed  by 
the  Museum,  as  compared  with  the  original  weights,  are  as  follows: 

Original  Weight.       Weight  in  Museum  Collection. 

Bluff 146     kgs.  13.9kgs. 

Brenham 900       "  445 

Cafion  Diablo j  ^1^^'  ■'  (  ««»•«" 

Colfax- 2.4     "  1.2    " 

Crab  Orchard 43       "  12.2    " 

Farmington 84        "  23.5 

jTr.^^^*  ni*,r  \  Indeterminate.  |  ir  r 

^^^^^^^'^y )  At  least  122       "  j  ^^'^ 

Hopewell  Mounds.-- At  least      0.15"  0.14 

Indian  Valley..- .-  14.2    "  8 

Kenton  County  -  - —  163       "  563     " 

Long  Island At  least  564       "  528 

Saline 31.13  "  20.5 
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The  names  by  which  the  falls  are  designated  in  the  catalogue  have 
been  chosen  with  considerable  care,  and  in  a  few  instances  depart  Erom 
previous  usage.  According  to  the  writer's  view,  the  name  by  which  a 
meteorite  is  distinguished  should  be  that  of  the  nearest  named  locality. 
The  desirability  of  this  in  enabling  the  place  of  fall  or  find  quicltly  to  be 
located  al  any  time,  williout  looking  up  the  literature  of  the  fall,  can 
hardly  be  gainsaid.  The  exact  point  of  fall  or  find  is  :i  datum  of  im- 
portance, and  one  whose  significance  is  becoming  more  and  more  appre- 
ciated. If  this  datum  were  in  all  cases  expressed  in  the  name  of  the 
meteorite,  a  vast  amount  of  vexatious  labor  would  be  saved  to  students  of 
meteorites.  In  the  case  of  the  meteorites  of  the  United  States,  the  custom, 
often  traceable  to  foreign  authorities,  of  calling  a  meteorite  by  the  name 
of  the  county  in  which  it  fell  or  was  found  is  especially  to  be  deprecated. 
Counties  in  this  country  often  cover  an  area  of  hundreds  of  square  miles. 
In  process  of  time  more  than  one  fall  or  find  is  likely  to  occur  within  one 
county,  causing  a  duplication  of  names  if  the  plan  of  naming  a  fall  from 
the  county  is  consistently  followed.  Another  change  likely  to  occur  is  a 
subdivision  of  one  county  into  two  or  more,  thus  throwing  the  place  trf 
fall  or  find  out  of  the  county  for  which  it  was  named,  .-^n  instance  of 
this  is  afforded  by  Auburn,  which  was  originally  described  from  Macon. 
County,  but  is  now  in  Lee  County.  Similarly,  Ruff's  Mountain  was  for- 
merly in  Lexington  County,  but  is  now  in  Newberry  County.  It  is  true  that 
in  some  instances  the  information  regarding  a  place  or  find  is  so  indefi- 
nite that  it  can  only  be  designated  as  within  a  county,  but  wherever  pos- 
sible a  more  definite  location  should  be  determined,  and  the  meteorite 
known  by  this  name,  even  at  the  risk  of  disturbing  established  usage. 
That  so  many  American  meteorites  have  continued  to  be  designated  by 
the  names  o£  counties  has  probably  been  in  part  due  to  a  lack  of  appre- 
ciation by  foreign  authorities  of  the  amount  of  territory  included  in  ao 
American  county. 

The  arrangement  o£  names  adopted  in  the  accompanying  catalogue 
is  a  purely  alphabetical  one,  this  being,  according  to  the  writer's  experi- 
ence, the  most  convenient  for  reference.  In  the  classification  of  in- 
dividual meteorites,,  the  systems  of  Tschermak  and  Brezina  have  been 
followed,  with  such  modifications  and  new  determinations  as  are  due  to 
Wiilting,  Cohen,  Berwerth.  Merrill,  and  others.  The  German  terms  have 
been  put  in  English  form  for  this  catalogue,  but  the  group  abbreviations 
have  been  retained  as  in  the  original.  Some  falls  hitherto  without  classi- 
fication have  been  examined  with  a  view  to  designation,  and  the  following 
new  determinations  made; 

Colfax,  medium  octahedrile,  Oni. 

Hopper  (Henry  County),  medium  oclahedrite,  Om. 
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Saline,  crystalline  spherical  chondrile,  Cck. 

Study  of  the  specimens  of  some  falls  in  the  collection  has  seemed  to 
indicate  that  their  present  accepted  classification  is  incorrect,  and*  accord- 
ingly the  following  changes  are  recommended : 

Baratta — Intermediate  chondrite,  Ci,  instead  of  black  chondrite,  Cs. 

Bridgewater — Medium  octahedrite,  Om,  instead  of  fine  octa- 
hedrite.  Of. 

Indian  Valley  —  Hexahedrite,  H,  instead  of  brecciated  hexa- 
hedrite,  Hb. 

Lan^on — Brecciated  gray  chondrite,  Cgb,  instead  of  white  chon- 
drite, Cw. 

Tysnes — Brecciated  intermediate  chondrite,  Cib,  instead  of  brecci- 
ated gray  chondrite. 

The  additions  received  to  the  collection  since  its  inception  in  1894 
have  been  obtained  by  gift,  exchange,  and  purchase.  The  accessions  by 
gift  include  a  large  Canon  Diablo  individual,  from  the  Ed.  E.  Ayer 
Pioneer  Hose  Co.;  a  small  individual  of  the  same  fall,  from  George  Bell ; 
a  small  individual  of  the  Estherville  fall,  from  A.  E.  J.  Svege  ;  and  sec- 
tions of  the  Allegan,  Oakley,  and  St.  Genevieve  County  meteorites,  from 
Prof.  H.  A.  Ward.  General  G.  Murray  Guion  has  kindly  continued  the 
loan  of  the  Seneca  Falls  specimen. 

Exchanges  conducted  with  a  number  of  institutions  and  individuals 
call  for  acknowledgment  of  courtesies  from  the  following: 

S.  C.  H.  Bailey,  Julius  Bohm,  Dr.  A.  Brezina,  the  British  Museum 
through  Prof.  L.  Fletcher,  Prof.  E.  Cohen,  E.  E.  Howell,  Institute  of 
Mines,  St.  Petersburg,  through  Prof.  Melnikoff,  Max  Neumann,  B.  Stiirtz, 
the  United  States  National  Museum  through  Dr.  George  P.  Merrill,  the 
Vienna  Museum  through  Prof.  F.  Berwerth,  Prof.  H.  A.  Ward,  Ward's 
Natural  Science  Establishment,  and  the  University  of  Wisconsin  through 
Prof.  W.  H.  Hobbs. 

The  plates  accompanying  the  catalogue  illustrate  for  the  most  part 
specimens  obtained  subsequent  to  the  publication  of  the  first  catalogue. 
Each  will  be  found  described  under  the  corresponding  fall  in  the  body 
of  the  work. 

The  clerical  work  involved  in  the  preparation  of  the  catalogue  has 
been  performed  with  care  and  accuracy  by  Mr.  Louis  V.  Kenkel  of  the 
Department  of  Geology. 
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Date 
No.     of  Fall  or  Find. 
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Found  1881. 


Fell  1814, 
Sept.  5, 
Noon. 


Fell  1806. 
Mar.  15, 
5  P.M. 


Fell  1873. 


Fell  1883, 
Feb.  16, 
3  P.M. 


Found  1887. 


Fell  1899, 
July  10, 
8  A.  M. 


NAME  AND  DESCRIPTION. 


Weight 
in  grams. 


Admire,  Lyons  Co.,  Kansas. 
Iron-stone.    Brecciated  pailasite,  Pb.    Two  pol- 
ished sections  showing  nickel-iron  and  chryso- 
lite.    Structure  brecciated.     Much  oxidized. 
Cat.  No.,  557. 

Agen,  Dep.  Lot-et-Garonne,  France. 

Stone.  Veined  intermediate  chondrite,Cia.  Frag- 
ment from  interior,  showing  white  chondri  and 
mftallic  grains  distributed  through  a  darker 
ground  mass.    Cat.  No.,  235. 

Fragment,  with  crust.  Interior,  light-gray  with 
darker  spots  having  the  appearance  of  brecci- 
ation  rather  than  of  veining;  crust,  black.  Cat. 
No.,  526. 

Aiais,  Dep.  Gard,  France. 
Stone.     Carbonaceous    chondrite,    K.    Coarse, 
brown-black    powder    resembling    an  earthy 
coal.    Very  friable.    Cat.  No.,  221. 
Interior  fragment  like  previous  specimen.    Cat. 
No.,  222. 

Aleppo,  Syria. 
Stone.   Brecciated  white  chondrite,  Cwb.    Frag- 
ment, with  crust.     Crust,  black,    2    mm.  in 
thickness.    Interior,  light-gray.    Friable.    No 
distinct  chondri  are  visible.    Cat.  No.,  544. 

Alfianello,  Brescia,  Italy. 

Stone.  Intermediate  chondrite,  Ci.  Fragment, 
with  crust.  The  latter  is  about  .4  mm.  in 
thickness,  and  of  a  dirty  black  color.  The  in- 
terior of  the  stone  is  ash-gra^,  fine-grained, 
and  contains  metallic  grains,  with  some  coarse 
nodules  of  the  same.    Cat.  No.,  332. 

Interior  fragment,  ash-gray,  with  brown  spots, 
due  to  the  oxidation  oi  the  metallic  particles. 
Several  of  the  latter  are  quite  large,  and 
rounded  as  if  previously  fused.    Cat.  No.,  333. 

Large  fragment,  with  crust.  Characters  like 
those  of  previous  specimen.    Cat.  No.,  334. 

Algoma,  Kewaunee  Co.,  Wisconsin. 

Iron  Medium  octiihedrite,  Om.  Etched  frag- 
ment, with  crust,  well  marked  Widmanstatten 
figures,  with  kamacite  uniformly  bordered  by 
taenite.    Cat.  No.,  529. 

Allegan,  Allegan  Co.,  Michigan. 
Stone.  Spherical  chondrite,  Cc.  Fragment,  friable, 

with    few  metallic    grains.    Chondri    readily 

separable.    Cat.  No.,  498. 
Fragment,  with  crust.   Crust,  dirty  black,  porous. 

Gift  of  Prof.  H.  A.  Ward.    Cat.  No.,  500. 
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AME    AND   DESCRIPTION. 


Fell  1858, 
Dec  9, 
7:30  A.  M. 


Arlspe,  Sonora,  Mexico. 

'  on.  Coarsest  octahedrite.  Ogg.  Etched  slab, 
12.5  X  10.5  cm.,  with  crust.  Sf.ows  coa  tse  Wid. 
oiaDtlaltea  figures,  and  iroilitc  distributed  ii. 
vein-like  manner.  There  is  apparent  faulting 
o(  the  WldmanstaltcD  figures  on  either  side 
u(  ihc  vein.     Cal.  No..  5&t 

Arliagtan.  Sibley  Co..  Minnesota. 

Iron.  Medium  ociahedriie,  Om.  Etched  frag- 
ment, with  crust.  Shows  tyjiical  octahedral 
figures,  witli  the  kamacite  uniformly  bordered 
bytaenile.    See  Plate  XXXIl.    Cat.  No..  451). 

Auburn,  Lee  Co.,  A 1  a  b  a  m  a. 

his  locality  is  usually  given  as  Auburn,  Macon 
Co.    This  was  correct   up  to  1866.  but   si 

that  year  Auburn  has  been  in  Lee  Co. 

on.  Hex.ihedrite,  H.    Sawed  fragment  showing 

crusi  on  all  surfaces  but  one.    Cat.  No.,  92. 

AugUBtlnowka,  Gov.  Ekaterinoslaw,  Russia 
Iron.     Medium  octahednte,  Om.    Sawed  block, 

with  crost.    Etched.     Shows    viiiiform  Wid- 

manst^lten  ligures  and  veins  and  inclusion 

iroilite.    Cat.  No..  508. 
Fragment  of  crusl.     Much  oxidiied,  and  ci>lored 

green  by  nickel  salts.     Cat.  No.,  507. 


;  Senhadja. 


Auinieres,  l)ep.  Lozere,  Fr; 
Slone.  Veined  while  chondritc,  Cwa.   Fragtnenl, 
with  crust.     Interior  light-gray,  with  minute, 
shining  metallic  grains.    Rather  friable.    Indi- 
vidual chundri  nut  discernible.     Cat.  No,.  191. 

Ai«»Ull(Clarac).  Dep.  Haute  Garonne,  Fra  nee 
Stone.  Spherical  chondrile,  Cc.  Fragtnenl  f  rort 
interior.  Light-gray,  with  rusty-iron  grains 
Compact.  Delicate  veins  penetrate  the  mass 
Cat.  No.,  271. 
Fragment  from  the  interior,  with  polished  sur 
face.  The  latter  shows  large  chondri  of  i 
chrysolite-like  mineral,  embeoded  in  a  ground 
mass  made  up  chiefly  of  small  white  chondri 
and  grains  of  nickel-ii —      '"'•   ""    '"" 

nCu.,  Te 


Cat.  No.,  272. 


Babb's  Mill,  Gre 

Iron.  Nickel-rich  ataxile.    Morradal  group.   Vo 
ished  slab.     Cai.  No.,  109. 

Bachmut  lAlexejewka),  Gov.  Ekaierinoslai 
Russia. 
Stone.  While  chondrile,  Cw.  Fragment,  wit 
crust  and  polished  surface.  Crust,  dull-hlaci  . 
Interior,  light-gray,  with  a  tew  rusty  grains, 
Cat.  No.,  234. 
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So. 


16 


17 


18 


19 


20 


21 


22 


Date 
of  Fall  or  Find. 


Found  187] . 


Found  1893. 


Fell  1871, 
Dec.  10, 
1:30  P.  M. 


Fell  1845, 
May, 
5:15  P.  M. 


Fell  1790, 
July  24, 
9  P.M. 


Fell  1892, 
Aug.  29, 
4  P.M. 


Fell  1902, 
Nov.  15, 
6:45  P.  M. 


NAME  AND  DESCRIPTION. 


Bacubirito  (Ranchito),  Sinaloa,  Mexico. 
Iron.  Finest  octahed rite,  OfiF.  Thick,  etched  slab 
with  crust.  Very  narrow  Widmanstatten 
figures  are  plainly  defined.  There  are  some 
angular  partings  and  two  small  troilite  inclu- 
sions. See  Plate  XXXV.    Cat.  No..  537. 

Ballinoo,  Australia.   * 

Iron.     Finest  octahedrite.   Off.      Polished  and 

etched  slab  with  crust.    Crust  surface  smooth 

and   little  oxidized,  indicating  a  recent  fall. 

Etched  surface  shows  no  figures.  Cat.  No.,  456. 

Bandong,  Goemoroeh,  Java. 
Stone.     Brecciated  white  chondrite,  Cwb.    Two 
fragments  from  interior.    Grayish-brown,  with 
metallic  particles.    Cat.  No.,  304. 

Baratta,  Deniliquin,  Australia. 
Stone.  Intermediate  chondrite,  Ci.  Full-sized 
section,  10  x  15  cm.  one  surface  polished,  with 
crust.  Polished  surface  is  thickly  sprinkled 
with  gray  and  white  chondri  of  various  sizes. 
Metallic  grains  small  in  size  and  amount. 
Many  chondri  show  a  rim  of  metal.  Crust 
thin,  black,  somewhat  rusty. 

See  Plate  XXXI.    Cat.  No.,  539. 

Barbotan,  Gascony,  France. 

Stone.    Gray  chondrite,  Cg.     Fragment  from  in- 
terior, one  surface  polished,  showing  numer- 
ous, minute,  metallic  grains.    Cat.  No.,  213. 
Fragment  with   crust,  showing  pitted  surface. 
Much  discolored  by  age.     Cat.  No.,  214. 

Bath,  Brown  Co.,  South  Dakota. 
Stone.  Brecciated  spherical  chondrite,  Ccb. 
Irregular  fragment,  with  crust  and  polished 
surface.  The  crust  surface  is  indented  with 
broad,  shallow  pits.  Crust,  dull-black,  papil- 
lated,  not  more  than  .3  mm.  in  thickness.  In- 
terior, grayish-brown,  of  fine-granular  struc- 
ture, containing  minute  metallic  grains.  A 
portion  shows  '*  sHckensided  "  surface.  Cat. 
No.,  351. 

Bath  Furnace,  Bath  Co.,  Kentucky. 
Stone.  Intermediate  chondrite,  Ci.  Fragment, 
with  crust  and  three  sawed  surfaces.  Interior 
gray,  with  rusty  spots  and  thickly  sprinkled 
metallic  grains.  The  latter  are  often  ir- 
regular in  shape  and  show  bronze-yellow  in- 
clusions of  troilite.  The  texture  of  the  stone 
is  quite  firm.  The  presence  of  chondri  is  indi- 
cated by  darker  and  lighter  spots.  Crust, 
black  and  uniform.  Shows  typical  pittings. 
See  Plate  XXXII.    Cat.  No.,  555. 


Weight 
in  grams. 


352 


157 


1.5 


295 


6 
32 


1,276 


366 


Field  Culumum 


N. 

or  Full  or" Find. 

N.^MF.  .AND  DEiiCKIFTION. 

WriEt't     \ 
mgiams. 

Described 

Beaconslleld,  Victoria  Colony,  Ausl  ra  1  ia. 

23 

1887. 

Iron.     Coarse  .iclahedriie,  Og.    Etched  section 
showing  distinct  WidmaiiBtatten  ligurcs.    Con- 
tains  two   troilile   nudules   each,   rimmed   bv 

schreibersiie.    Cat.  No.,  499. 

413 

Found  ittee. 

Bear  Cr«ek,  Jefferson  Co,,  C  o  1  o  r  a  d  o. 

24 

Iron.    Fine  octaliedriie,  Of.     Fragment  shuwinz 
crxist.    Octahedral   cleavage  well   displayed. 

Cat,  No.,  88, 

43. S 

Thin  slab,  etched.     Well  marked  Widmansiiit- 

ten  figures,  the  plates  of  taenite  being  ver>- 

dislinct.    Cat.  No..  8B. 

27 

Fell  1893. 

Beaver  Creek,  West  Kootenai  District.  British 

25 

May  26, 

Columbia. 

3:30  P.  M. 

Sione.     Crystalline    spherical    chondriie,     Cck. 
FraKment,    wnh    cmsl.     Liiterior.    dark-gray, 
made  up  ol  small,  glassy  chondri,  and  fine  me- 

tallic grains.     Cat.  No.,  353. 

T 

..Kmt -1  mm.  thick.    Cat.  No..  353. 

Vl* 

Found  1784. 

Bemdego,  Bnhia,  Brazil. 

2C 

Inin.     Coarse  octaliedriie,  Og.     Scalings    imm 
crust,  showing  niagnetiie.    Cat.  No .  3. 

Slab,  8ii  17  cm.,  showing  natural  and  etched  sur- 

faces.    The  etched  surface  exhibits  a  coarsely 

crystalline  structure  wiih  itaperled  WEdnun- 

statten  figtires.    Cat.  No.,  6. 

1.13a 

Etched  slab,  9x23  cm.,  showing  imperfect  W id- 
maiistatten  litiures,  elongated  nudules  ol  iroi- 

liie   and  a  group  of  schreibersiie    inclusions. 

Cat.  No..  6. 

855 

Fell  1703. 

27 

Dec.  19. 

Stone.     Spherical  chondriie.  Ce.     Powder,  show- 

8  P.  M. 

ini;  crust  and  individual  chondri.    Cat.  No„  216. 

Fragment,   wiih   crust.    One    surface   polished. 

showing  scattered  metallic  grains.    Cat.  No., 

217. 

1 

Fell  1811. 

BerUngulllu,  Burgos,  Spain. 

28 

It^. 

ished     fragment-    Tenure     firm.     Abundant 

metallic  grains.     Cat.  Xo-  492. 

&.-^ 

Fell  1843. 

BbhopvUle,  Sumter  Co..  S  o  u  t  h  C  a  r  ol  i  n  a. 

29 

March  as. 

Stone.  Veined  chladniie.  Chla.    Fragment  from 
interior.     Light-grav,  with  white  nodules  ol  the 
chladnjte    of   Shepard.    Rusn^  brawn    spots 
show  the  presence  of  metallic  grains.    Cat. 

N.^asi. 

1 

Like  previous  specimen,  but  showing  vitreous 

crust.     Cat.  No,.  252. 

Krjcmrni  ol  chladnite.     Cit.  No..  253. 

\ 
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Date 

11  or  Find. 


NAME  AND  DESCRIPTION. 


Weight 
in  grams. 


md  1802. 


1887, 
1. 


1899, 
:hl2, 

P.  M. 


id  1878. 


id  1829. 


1852, 

13, 

M. 


1847, 

14, 
A.M. 


Bltburg  (Albacher  Muhle),  Rhen  ish  Prussia. 
Iron-stone.    Pallasite  P.  Polished  slab  showing 

large  pores  and  slag-like  surface,  due  to  its 

having  been  passed  through  a  furnace.    Cat., 

No.,  30. 
Fragment,  three  sides  polished.      The  natural 

surface  appears  to  be  altering  to  limonite. 

Cat.  No.,  31. 

BJelokrynitschie,  Volhynia,  Russia. 
Stone.  Brecciated  intermediate  chondrite,  Cib. 
Polished  fragment  with  crust.  Mottled  gray 
and  brown,  groundmass  with  numerous  metallic 
grains  of  irregular  size.  Compact  in  texture. 
Crust  black,  hrmly  adhering.    Cat.  No.,  484. 

BJurbole,  near  Borgo,  Finland. 
Stone.  Spherical  chondrite,  Cc.  Fragment  with 
crust.  Stone  friable,  and  chondri  of  the  size  of 
peas  and  smaller,  are  easily  separable.  There 
are  angular  inclusions  of  a  homogeneous,  fine- 
grained rock  also.  The  crust  is  black,  coarse, 
and  shows  in  places  lines  of  flow.  Metallic 
grains  scarce.   See  Plate  XXXII.  Cat.  No.,  522. 

Bluff,  Fayette  Co.,  Texas. 

Stone.      Brecciated  crystalline  chondrite,  Ckb. 

About  one-tenth  the  original  mass,  showing  crust 
and  polished  surface  25  x  35  cm.  The  crust 
surface  is  somewhat  decomposed,  but  shows 
the  characteristic  pittings.  The  polished  sur- 
face shows  the  dark-green  color  of  the  stone, 
with  its  fine  texture  and  scattered  metallic 
grains.     Cat.  No.,  173. 

Thin  slab  31  x  38  cm.,  exhibiting  the  black  veins 
peculiar  to  this  meteorite.    Cat.  No.,  174. 

Bohumilitz,  Bohemia,  Austria. 

Iron.  Coarse  octahedrite,  Og,  Etched  slab, 6.5  x  9 
cm.  with  crust.  Shows  typical  swollen  octa- 
hedral figures.     Cat.  No.,  487. 

Borkut,  Marmaros,  Hungary. 
Stone.      Spherical   chondrite,    Cc.      Fragments 
showing  individual  chondri,  spheroidaH  dark- 
green  in  color.     Cat.  No.,  2(52. 

Braunau,  Hauptmannsdorf,  Bohemia. 

Iron.  Hexahedrite,  H.  Sawed  block  showing 
natural  surface  with  pits.  The  luster  of  the 
natural  surface  is  like  that  of  blued  steel. 
Cat.  No.,  55. 

Brazos  River,  see  Wichita  Co. 
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FnLB  CoLnous  Ub^ — Geoloct,  Vou  II. 


of  P«A  <x  F[*d 


ND  DESCKIPTIOX 


Fell  IBS. 
Maria 

sKm. 


I  GaaircnbatE).    Prv*.    HaiK'vct, 
StMie.    Bwccintd  agk^ai    rlw^riir,    Cdk. 

pS^wd  sortacc  ii  |p«ir.  ■wpkJ  with  wfaite 
Cboadn  and  u  nguUriB«»Bk  gnnOk  lomc  ol 
tbcm  large    Cnat  black,  dim.    Cat.  No..  <38. 

BrcobwB.  BrtDham  Ta«u»hiB,  Ebim  Co,  Kansas. 

■ e.  PaOraM^P. 

of  ■  OMatoe  WMdM^.  vw  sorfac« 


I  cUcfc  of 


^    - T**  cenual  portioo  lor  a 

vidlh  H  aba«t  Sen.  it  solid  awm,  bu  vn 
ehbet' aide  d«  man  k  ponma,  tbewTB beins 
fiBed  mUb  datfwMtt.    CmL  Nil.  I9G. 

FDll-sUed  slal^  polished. 'dwwtn^  a  spange-Ske 
massoliTOo.wiibchrrsoliM  filling  the  cavities. 
Cat.  So,  197, 

Similsr  to  No.  IB^,  bui  thicker.  Sootc  ol  the 
cbrrMtite  no^tn  are  beaoufully  tiaof parent 
ud  U^Ujr  vefnctwr    Cat.  No.  I9S. 

S4amatraax,tituUtxoSo.lSn.    Cat.No..lHL 

tf>  pouM  mv.  emire.  The  forro  ii  Aatteaed, 
■omcirtiat  heaR-sfaap«d.  The  surface  fs  cov- 
ered with  pittings,  and  considerably  oxidiied. 
The  grains  of  chrysolite  are  readilv  discernible 
uvcr  ihe  surface.     Cat.  No..  200. 

Kull-slied  slab,  showing  Sinicture  like  So.lBT!. 
Cat.  No..  201. 

19  pound  mass,  entire.  Fonn.  hemisjAeroidal. 
toe  surface  covered  with  pitiini^  Structure 
porous,  pores  tilled  with  chrysolite.    Cat.  No.. 

Section  ol  complete  individual,  showing  natural 
and  polished  luHace.  The  structure  is  like 
that  of  No.  ISrj.    Cat.  No_  303. 

315  pound  mass,  entire.  This  is  atmosi  wholly 
iron.  Form,  kidney  or  arch-shaped,  with  a 
projection  extending  Irom  the  concavit*  of  the 
arch.     Cat.  No.,  204. 

3G  pound  mass,  entire.  Spheroidal  in  form,  sur- 
face covered  witli  pittings.  Entirely  metallic. 
Cat.  No..  206. 

40  pound  mass,  entire.  Form,  cylindrical,  with 
one  projecting  point.  Surface  pitted.  Com- 
posed almost  wholly  of  irun.  but  occasional 
grains  ol  chrysolite  are  visible.     Cat.  No.,206. 

Etched  section  with  crust.  Shows  typical  octa- 
hedral Rgures.    Cat.  No..  132. 

Section  showing  iron  and  chrysolite.  Cat.  No., 
450. 

Like  So.  450.    Cat.  .No.,  lilH. 
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Date 
4o.     of  Fali  or  Find. 


% 


10 


il 


Described 
1890. 


Found  before 
1819. 


Found  before 
1874. 


NAME  AND  DESCRIPTION. 


12 


Fell  1861. 
May  12, 
about  noon. 


13 


Found  1891. 


Bridgewater,  Burke  Co.,  North  Carolina. 
Iron.    Medium  octahedrite,  Om.    Thin  slab  with 
natural  and  etched  surfaces.    Exhibits  well 
marked  Widmanstatten  figures.  Cat.  No.,  137. 

Burlington,  Otsego  Co.,  N  e  w  Y  o  r  k. 
Iron.      Medium  octahedrite,  Om.      Triangular 
slab,  etched  on  one    surface.      Shows  very 
delicate  Widmanstatten  figures.    Cat.  No.,  36, 

Butler,  Bates  Co.,  Missouri. 
Iron.  Finest  octahedrite.  Off.  Etched  slab. 
Widmanstatten  figures  very  distinct.  The 
plates  of  the  latter  seen  with  a  lens  appear 
to  be  made  up  of  a  number  of  smaller  ones, 
which  anastomose.  There  are  also  comb-like 
markings,  made  up  of  innumerable  fine  lines. 
Contains  nodule  of  troilite.    Cat.  No.,  96. 

Butsura,  Goruckpur,  India. 
Stone.  Intermediate  chondrite,  Ci.  Fragments 
with  crust  and  polished*  surfaces.  Nickel-iron 
is  present  in  large  amount.  There  are  also 
chondri  1  mm.  in  diameter,  of  a  chrysolite- 
like mineral.  The  ground-mass  is  greenish 
black  and  structureless.    Cat.  No.,  277. 

Cabarrus  County,  see  Flows. 
Caille,  see  La  Caille. 

Canon  Diablo,  Coconino  Co.,  Arizona. 

Iron.    Coarse  octahedrite,  Og. 

Complete  individual,  apparently  scaled  off  from 
a  larger  mass.  Shows  the  smooth  surface  and 
characteristic  pits  of  this  iron.    Cat.  No.,  141. 

Complete  individual.  Besides  the  shallow  pits 
shown  in  the  figure  the  mass  is  indented  by 
deeper  cylindrical  ones,  3  to  4  c«i.  in  depth. 
Cat.  No.,  143. 

Full-sized  section,  20x29  cm.,  with  polished  and 
etched  surfaces.  The  Widmanstatten  figures 
are  very  coarse  and  arranged  in  approximately 
parallel  bands.  Large  nodules  of  troilite  and 
flakes  of  schreibersite  are  scattered  through 
the  mass.    Cat.  No.,  144. 

Small,  complete  individual,  like  No.  141.  Cat. 
No.,  145. 

Complete  individual.  It  contains  a  natural  per- 
foration about  3  cm.  in  its  smallest  diameter. 
Cat.  No.,  146. 

Full-sized  slab,  19  x  30  cm.,  showing  polished  and 
etched  surfaces  like  No.  144.    Cat.  No.,  147. 

Nearlv  complete  individual  showing  deep  and 
shallow  pits.  One  etched  surface,  19x21  cm., 
exhibits  nodules  of  troilite  and  indications  of 
crystalline  structure.    Cat.  No.,  148. 


Weight 
in  grams. 


19 


32 


71.5 


1.85 


844 


460,304 


2,934 
165 

120,657 
4.309 

23,590 


k 


c<  traibK.    Ca.No.iaa 
Hfifcliwiiai'  HIM.    Om  aofateil  surface. 

■»>SoB.*MNIMdteKid«iM  CatNoulSl. 
Sx  ^BiB  Inemtfi  witfc  — lai  >1  •orface.     CaL 

CiMiiJiM    iadiiMMl.  ifcwipg  piB  and  iwiuni 
wnfacr.     Amitnmlij    scaled    fmm  a   Uizct 

Cat  So,  U&. 

Gib  nf  George  BelL 


Ga^  Of  Om4  Hapc  A I  r i  ca. 

Iran.  Aasite,i^Abeiafa«iialsOTaks.   I^tlisbed 
riabof  biiUuMBickel-wWKcnlOT.  Ch.No,SB. 


Eaco.  TlM  Wh 
39  bcaoiifBllT'  diniact  aMi  ddkaic  liiKs  ran- 
aiag  paiaUel  in  i*vi  dtivcikm  ifarun^boai  the 
mass.  Troilitc  is  dismbaied  in  ndtaang  TCiBt. 
Cal  NcL.  131. 


.  Smiili  Col.  Tcnntssee. 
Iroo.  Medium  octahedriw.  Om,  Thick  dab 
tfanwine  naiuTal.  polidkcdaod  Mdied  soriaces 
Coar¥e~\VWIiiun£titten  rii;iu«s  ate  dimly  oul- 
Imcd  on  th«  Ulter.  Tbe_  lines  et  tacnite  are 
very  deUcaie.    Cat-  No..  aL 


i,  Chihiuboa.  Mexico. 
I  ■Kiafaedrite.  Om.  Etcbedsection 
li«13  cm,  with  crasl.  Shows  topical  Wid- 
loaDstattni  ngurcs.  tbe  bands  of  kamaciie 
being  Ion;;  and  well-deiincd.  Little  taenite  is 
to  he  seen  *nd  little  troilite.    Cat.  No,  521. 


■,  Nash  Co..  North  Carolina. 

Stone.  Cray cbood rite, Cg-  Fragment <mhcrust: 
the  latter  dutl^btack  and  scoriaceous.  Tlic 
color  of  tbc  stone  b  dark-gray,  (ritb  no  metal- 
lic grains  risible.     Cat  Na,3&i. 

Frajfineni  Irtno  iniertor.  showing  occafioiial 
metallic  grains.    Cat.  No..  308. 


r.  Berar.  India. 

Stone.    Brecciateil  intennedi^iie  cboodrite.  Cih. 

Hiree  ftaements  ftKna  iDteriar.  two  oC   them 

polished,  shomng  a  datk-giay  stent,  contain- 

v  imn  grain!.     Cat.NoL,215. 


.   Xtedixii 
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o. 


0 


il 


')2 


^ 


58 


Date 
o!  Fall  or  Find. 


Fell  1812, 
Aug.  5, 
2  A.M. 


Known  1804. 


Fell  1835, 
Aug.  1, 
2-3  P.  M. 


Fell  1810. 
Nov.  23, 
1:30  P.  M. 


Fell  1815, 
Oct.  3, 
8  A.  M. 


Fell  1841, 
June  12. 
1:30  P.  M. 


Found  before 
1849. 


Found  1873. 


Found  1860. 


NAME  AND  DESCRIPTION. 


Chantonnajr,  Dep.  Vendue,  France. 

Stone.     Gray  chondrite,  Cg.    Thin  chip,  highly 
polished.     Almost   black,  with  few  metallic 
grains.    Structure  not  discernible  megascop- 
ically.    Cat.  No..  232. 
Polished  fragment  with  crust.    Cat.  No.,  443. 

Charcas*  San  Luis  Potosi,  Mexico. 

Iron.  Medium  octahedrite,  Om.  Etched  section 
with  crust.  Well  marked  Widmanstatten 
figures.    Cat.  No.,  33. 

Charlotte,  Dickson  Co..  Tennessee. 

Iron.  Fine  octahedrite.  Of.  Thin  slab,  one  sur- 
face etched.  Typical  Widmanstatten  figures. 
Cat.  No.,  40. 

Charsonville,  near  Orleans,  Dep.Loiret,  France. 

Stone.  Veined  gray  chondrite,  Cga.  Fragment 
from  interior.  Light-gray,  with  rusty-brown 
spots,  due  to  oxidation  of  the  abundant  metal- 
lic grains.    Cat  No.,  229. 

Thin  chip,  polished.  Like  previous  specimen, 
but  traversed  by  a  delicate  black  vein.  Cat. 
No.,  230. 

Chassigny,  Dep.  Haute-Mame,  France. 
Stone.    Chassignite,  Cha.    Fragments  from  the 
interior.      Composed  of    light-yellow  friable 
chrysolite  specked  with  black.    Cat.  No.,  546. 

Chateau  Renard,  Dep.  Loiret,  France. 

Stone.  Veined  intermediate  chondrite,  Cia.  Frag- 
ment from  interior.  Gray,  compact,  traversed 
by  delicate  black  veins.  Metallic  grains  small 
and  bright.     Cat.  No.,  249. 

Like  previous  specimen.     Cat.  No.,  248. 

Like  No.  249,    Cat.  No.,  247. 

Chesterville,  Chester  Co.,  South   Carolina. 
Iron.     Nickel-poor    ataxite,    Nedagolla    group. 
Tliin  slab,  etched.    The  etching  brings  out  a 
network  of  irregular  lines  on  the  surface.   Cat. 
No.,  56. 

Chulaflnnee,  Cleburne  Co.,  Alabama. 

Iron.  Medium  octahedrite,  Om.  Thin  slab, 
etched.  Broad  Widmanstatten  figures  are 
dimly  outlined.     Cat.  No.,  94. 

Cleveland,  Bradley  Co.,  Tennessee. 

Lea  Iron.  Probably  th^same  as  Dalton.  Iron. 
Medium  octahedrite,  Om.  Large,  thin  slab, 
showing  crust,  polished  and  etched  surfaces. 
Typical  Widmanstatten  figures.    Cat.  No.,  127. 


We«ht 
in  grams. 


2 
4 


62 


22 


0.7 


57 
7 
5 


6 


29 


234 


Field  Columbian  Museum — Geologv,  Vo 


No. 

„,rJ?"„^ind, 

NAME  AND   DESCKIPTION. 

la  gTBiiii.     1 

Known  im. 

Coahulla,  Mexico. 

I 

50 

Iron.    Hexahcdrile.  H.    (Sancha  Estate.)    Thin. 

polished  slab,  a  portion  etched.     CaL  No..  37. 

TO 

Turnings.    Cat.  No.,  90. 

ID 

Found  1808. 

Butcher  Iron.     Large,  thin  slab,  a  portion  etched. 
The  latter  shows  a  stippled  surface  intersected 
by  numerous  Neumann  lines.     Included  nod- 
ules of  troitite  are  also  to  be  seen.    Cat,  No., 

42. 

2.1i0 

Large  segment,  showing  natural,  polished  and 

etched  surfaces.    Natural  surface  very  smooth. 

Etched  surface  like  that  of  previous  specimen. 

Cat.  No.,  «. 

3.m 

Fell  1838. 

Cold  BokkeveU.  Cape  of  Good  Hope,  Africa. 

60 

Oct.  13, 

Stone.    Carbonaceous  chondritc,  K.      Fragment 

BA.  M. 

from  interior.    Dull-black  with  white  specks. 
Resembles  a  piece  of  graphite.    Cat.  No..  246. 

1 

Found  1880. 

Colfax,  Colfax  Township,  near  Ellenboro.  Ruther- 

Gl 

ford  Co.,  North  Carolina. 
Iron.  Medium octahedrite, Om.  Spheroidal  mass, 
showing  natural  and  etched  surfaces  and  frac- 
ture.   The  latter  shows  the  iron  to  be  highly 
crystalline,  and  to  possess  octahedral  cleavage. 

Cat.  No.,  153. 

1.130 

Etched  section,  showing  typical  octahedral  fig- 
ures.              See  Plate  XXXV.    Cat.  No.,  156. 

61 

Fell  1990, 

Coliesclpoll,  Temi,  Italy. 

62 

Feb.  3. 

Stone.    Spherical  chondrile,  Cc.   Fragment,  with 

It30  1>.  M. 

crust.    Crust   dull   black,  scoriaceous.  nearly 
2  mm.  In  thickness.     Interior   of   stone   light 
bluish-^ray.       Shows    chondri    and    inetaTlic 

grains.    Cat.  No.,  356. 

2.5 

Known  1800. 

Coopertown,  Robertson  Co.,  Tennessee. 

03 

Iron.  Medium ociahedrite.Om.Thinslab, etched. 
The   Widmanaiatten   tifiures  are  made  up  of 

brond  plates,  5  mm.  in  thickness.    Cat  No.,  83 

82.5 

C4 

Described 

Coaby's  Creek,  Cocke  Co.,  Tennessee. 

1840. 

Iron.    Coarse  octahedrite,  Og.    Several  irregular 
tragmenis.  all   showing   octahedral   cleavage. 

Cat.  No.,  iS. 

355 

Irregular  fragment,  cleavage  structure    promi- 

nent.   Cat.  No.,  49. 

4:! 

Five  fragments  of  about  20  grams  each,c!eai'inR 

in  octahedrons,  which  are  separated  by  bright 
plates  of  taenitc.    Cat.  No.,  53. 

114 

or. 

F.iutiil  1881. 

Costilla  Peak,  Taos  Co..  N e  w  Mexico. 

Iron.    Medium  octahedrite,   Ora.     Nearly    tull- 
siierl  etched  section.Ux  20  cm.    Shows  typical 

octahedral  figures.     Cat.  No..  502. 

1,154 

-J 

J 
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Date 

Fall  or  Find. 


und  1887. 


jnd  1854. 


md  1877. 


NAME  AND  DESCRIPTION. 


Crab  Orchard,  near  Rock  wood,  Cumberland  Co., 
Tennessee. 

Iron-stone.  Mesosiderite,  M.  From  Mass  No.  1. 
Thin  slab  showing  natural  and  etched  surfaces.- 
The  metallic  grains  are  small  and  about  evenly 
distributed,  except  for  three  large  nodules,  one 
of  which,  having  a  diameter  of  1.5  cm.,  shows 
well-marked  Widmanstatten  figures.  The 
metallic  portion  serves  as  a  matrix  to  hold  the 
siliceous  grains.    Cat.  No.,  184. 

Mass  No.  2.  Complete  individual.  The  crust  is 
reddish-brown  and  cracked  in  several  places. 
No  well-marked  pits  are  seen.    Cat.  No.,  185. 

Part  of  Mass  No.  3.  One-half  of  the  original 
find,  with  natural  and  polished  surface,  12  x  13 
cm.  General  structure  like  No.  184,  but  the 
specimen  shows  a  larger  proportion  of  the 
non-metallic  minerals,  and  these  occur  occa- 
sionally in  large  nodules.    Cat.  No.,  186. 

From  Mass  No.  3.  Large  segment,  17  x  26  cm., 
showing  natural  and  polished  surfaces.  Cat. 
No.,  187. 

Segment  from  Mass  No.  1,  showing  natural  and 
polished  surfaces.  Structure  like  No.  184. 
Cat.  No.,  374. 

Irregular  fragment,  one  surface  polished.  Metal- 
lic grains  small  and  evenly  distributed.  Cat. 
No.,  336. 

Cranboume,  Victoria,  Australia. 

Iron.  Coarse  octahedrite,  Og.  Irregular  frag- 
ment, much  decomposed.  A  portion  altered 
to  limonite.  Silvery  plates  of  taenite  are 
numerous  through  the  mass.    Cat.  No.,  68. 

Cleaved  fragment,  octahedral  structure  promi- 
nent.   Cat.  No.,  69. 

(Yarra  Yarra  River.) 

Thin  slab  showing  natural  and  etched  surface. 
Crystalline  structure  is  indicated  on  the  etched 
surface,  but  no  distinct  Widmanstatten  figures 
are  shown.    Cat.  No.,  70. 

Cross  Timbers,  see  Red  River. 

There  are  three  "  Cross  Timbers "  in  Texas, 
occurring  in  Denton,  Harris,  and  Johnson 
counties  respectively.  None  of  these  is  near 
the  locality  32°  7'  N.  and  95°  10'  VV.,  at  which 
this  meteorite  is  reported  to  have  been  found. 
It  is  true  this  locality  is  a  long  distance  from 
the  Red  River  as  well,  but  this  name  has 
historic  usage. 

Dalton,  Whitfield  Co.,  Georgia. 

Iron.  Medium  octahedrite,  Om.  Thin,  etched 
section  showing  coarse,  typical  Widmanstatten 
figures  and  crust.     Cat.  No.,  110. 


Weight 
in  grams. 


40.5 


4,351 


801 


6,151 


806 


80.4 


34.2 
4.5 


15 


81 
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No, 

(.1  Fallor''FinJ. 

NAME    AND   LlK^L-HlfTEON, 

Wfirh. 

Fell  1878. 

«0 

Sepl.r,. 

Slons.     Veined     intermediate    cbondrlle.    Ci'a. 
Fragment,  with  crust,  one  surface  polished. 
Crusi  black,  ihin,  tninutely  pitted.     Interior 
light-Rray,  much  spotted  with  rust-     The  out- 
lines of  light  colored  diondri  can  be  discerned 
liere  and  there.     Metnllic  grains  are  rather 

iiunicriius.     Ca[.  Nu.,  MR 

275 

Found  184(i. 

Deep  Springs,  Deep  Springs  Farm,  Rockingham 
Co..  North  Cari.Tina. 

7(J 

Iron.     Nickci-ricli  ataxite.     Morradal  group. 
Neariycomfilele  etched  section  Txncra.     Ex- 
hihiis   no    figures,    but    shows   a    few   iruilile 

inclusi..ns.    Cat.  No.,  453. 

42D 

Known  ISSfi. 

Denton  County,  Texas. 

71 

Irnn.    Medium  octahedrite.  Om.     Thin,  sawed 
fragment.    Along  an  old  fracture  are  numer- 
ous parallel  grooves  which  arc  probably  lines 

uf  decomposition.    Cat.  No.,  H. 

3 

Kcind  helore 

DescubHdoni,  Caturce.  San  Luis  Potosi,  Mexico. 

72 

17S0. 

Iron.    Medium  ociabcdrite,  Om.    Polished  and 
etched  slab.     Widmanstatien   figures  in  long 
parallel  bands  are  croiised  at  intervals  by  others 

nearly  ai  right  angles.    Cat.  No.,  2. 

:k 

Fell  1800, 

Ohunnsala,  Punjaub.  India. 

73 

JulvU. 
2:iri  !■.  M. 

Stone.    Intermediate  chondrile,  Ci.     Fragments 

from  interior.    Cat.  No.,  275. 

5 

Fragment  with  cnisl,  the  latter  black,  shining 

and   showing   numerous  pits,      interior  light- 

gray,  with  rusty  grains.     Compact.     Nodules 

of  a  bluish  gray  color,  finer  grained  than  the 

rest,  are  distributed   through  the  mass.    Cat. 

No.,  276. 

I*! 

Foimtl  1S88. 

DoM  Inez,  Alacama.  Chile. 

74 

Ironstone.     Mesosiderite,  M.    Thin  slab,  show- 
ing natural  and  etched  surfaces.     The  stony 
miilier,  dark-brown    in   color,  largely  predom 
inalea.     One  nodule  of  ir<in  about  the  siic  of 
a  pea,  shows  delicate  Widmansiatten  figures. 

Cat.  No.,  191. 

iSft 

Hemispheroidal  mass,  one  surface  polished.   Tlie 
peculiar  cracked  surface  characteristic  of  these 

meteorites  is  well  exhibited.    Cat.  No.,  192. 

im 

Complete   individual,   described   by   Howell  as 
looking  like  "  a  lump  of  dried  red  mud  cracked 

by  shrinkage  and  covered  with  spots  of  green 
mould  inictel)  in  places."     Cat.  no..  183. 

7il 

Similar  to  No.  1(12,  bui  larger.    Cat.  No.,  194. 

24-) 
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No. 

Date 
of  Fall  or  Find. 

NAME  AND  DESCRIPTION. 

Weight 
in  grams. 

Fell  1815, 

Durala,  Punjaub,  India. 

75 

Feb.  18, 

Stone.    Veined    interrtiediaie    chondrite,    Cia. 

Noon. 

Sawed  fragment  with  crust.    Crust  thick,  dark 
and  blebby.    Interior  gray,  somewhat  friable 
and  showing  coarse  metallic  grains.    Cat.  No., 

559. 

54 

Found  1880. 

Eagle  Station,  Carroll  Co.,  Kentucky. 

76 

Iron-stone.    Pallasite,  P.    Sawed  slab,  showing 
natural   surface^  deeply   pitted,  and  polished 

surface.    The  iron  matrix  encloses  fragments 

of  chrysolite,  some  a  centimeter  in  diameter, 

transparent  and  of  brilliant  luster. 

See  Plate  XXXIII.    Cat.  No.,  180. 

106 

Grains  of  chrysolite,  separated  from  the  iron, 

some  coarse  and  some  in  a  powdered  state. 

Cat.  No.,  182. 

6 

Fell  1785, 

Eichstadt,  Wittmess,  Bavaria. 

77 

Feb.  19. 

Stone.  Spherical  chondrite,  Cc.    Fragment  from 
interior,  showing  a  gray,  coarse  ground-mass 

containing  rusty  iron  grains.    Cat.  No.,  212. 

1 

Fell  1400? 

Elbogen,  Bohemia. 

78 

Recognized 

Iron.    Medium  octahedrite,  Om.    Etched  frag- 

1811. 

ment  showing  Widmanstatten  figures.    Cat. 

No.,  1. 

2.5 

Found  1893. 

El  Capitan  Mts.,  Lincoln  Co.,  New  Mexico. 

79 

Iron.    Medium  octahedrite,  Om.     Etched  section 
showing  crust  and  typical  octahedral  figures. 

Cat.  No..  430. 

214 

Ellenboro,  see  Colfax. 

Found  1854. 

Emmitsburs:,  Frederick  Co.,  Maryland. 

80 

Iron.     Medium  octahedrite,  Om.    Etched  slab 
with  natural  surface.    Widmanstatten  figures 

well  brought  out.    Cat.  No.,  67. 

28.5 

Fell  1492. 

Ensisheim,  Upper  Alsace,  Germany. 

81 

Nov.  16, 

Stone.    Crystalline    chondrite,    Ck.     Fragment 

11:30  P.M. 

from  interior.    Dark -gray,  fine  grained,  smooth 
and  shining  in  portions.    Cat.  No.,  207. 

22 

Similar  to  previous  specimen.    Cat.  No.,  208. 

4 

Fell  1889, 

Ergheo,  Somaliland  Peninsula,  E.Africa. 

82 

July. 

Stone.    Crvstalline  chondrite,  Ck.     Polished  sec- 
tion  with   crust.     Polished   surface  brownish 

black,  showing  small  metallic  grains,  rather 

thinly    distributed.    Texture    firm,    compact. 

Crust  surface   smooth  and  of   reddish-brown 

color,  indicating  long  exposure.    Cat.  No.,  553. 

192.5 

N„. 

ol  Fpll"r'Fi..,l 

NAME  .^ND  DESCRIPTION. 

Weiiiht 

Fell  1812. 

Erxleben,  Saxony,  Prussia. 

Stone.  Cryslallinechondrite.Ck.  Fragmemfrom 

S3 

Apr.  15. 
4  P.M. 

interior.    Dark-gray,  compact,  made    up    of 
siliceous   grains   with   a  vitreous   luster,  anf) 

numerous  fine,  metallic  grains.     Cat.  No.,  331. 

2.5 

FtW  IHTS. 

Esthervllle,  Emmet  Co.,  1  uwa. 

84 

May  10, 

Iron-sione-     Mcsosiderite,    M.      Irregutar   frag- 

5 r,  M- 

ment,  much  oxidized.    Cat.  No.,  176. 
Full-si^ed   slab,  18x31   cm„  polished.     Nickel- 
iron  appears  in  large  nodules,  irreeular  flakes 
and  along,  narrow  vein,  distributed  through  a 

75 

greenish -black,     structureless     ground-mass. 

Cat.  No.,  177. 

2,721 

Thirteen   complete  individuals,  varying  in  siie 
from  a  pea  to  a  walnut.    Surface  Uke  No.  175. 

Cat  No.,  178. 

J7 

Complete  individual.     Cat.  No..  156. 

Giftof  A.E.J.  Svege. 

Fell  1890, 

Fannington,  Farmingtun  Township,  VVashiiigtim 

95 

June  25, 
i  P.  M. 

Co.,  Kansas. 

Stone.     Black  chondrite.Cs.    Fraement  from  in- 
terior, bavine  the  appearance  of  a  dolerite  a( 
dark-gray  color  and  splintery  fracture.    Con- 

tains white  radiated  ciiondri.     Bronie-yellow 

120 

Thin   slab,   polished,   showing   while   and   dark 

chondri,  and  various  grains  of  nickeliferous 

iron.     Cat.  No.,  3i4. 

425 

Similar  to  No.  343.     Cat.  No..  345. 

672 

Fuil-siied   slab,  15  x  iO  cm.,  polished.    Similar 

to  above  specimen.     Cat.  No..  346. 

3.302 

Large  section  of  complete  individual,  showing 
crust    and    one  polished  surface,  15x40  cm. 

The   crust   surface  is  smooth,  but   the   usual 

pittings    are    absent.      Bead-like    projections 
mark  the  presence  of  metallic  nodules  which 

resisted  fusion.     Cat.  No..  347.                , 

13J65 

Full-siied8lab.203t33  cm.,  polished,    Themeial- 

lic  veins  first  described  by  Preston,  are  beauti- 

fullyexhibited  in  this  specimen.    Cat.  No.,348. 

2,792 

Nearly  complete  individual.     Metallic  beads  are 

numerous  on  the  surface,  and  the  scale-like 

crust  seems  to  be  largely  metallic.     In  other 

respects,  like  previous   specimen.     Cat.  No.. 

349. 

2,4B1 

Section  showing  natural  and  polished  surfaces. 

Cat.  No.,  343.        " 

327 

Fell  1849, 

Flows.  Cabarrus  Co.,North  Carolina. 

86 

Oci.  31, 

This  fall  is  often  known  as  Monroe,  Cabarrus 

3  1>.  M. 

Co.     Monroe  is.  however,  not  in  Cabarrus  Co., 
and  eighteen  miles  distant.    As  the  fall  took 
place  near  the  present  post-office  of  Flows. 
this  seems  to  be  a   more   suitable   name   by 
which  to  designate  the  (all  than  Monroe. 
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No. 


Date 
of  Fall  or  Find. 


NAME  AND  DESCRIPTION. 


Weight 
in  grams. 


87 


Fell  1890, 
May  2, 
5:15  P.  M. 


88 


89 


Found  1891. 


Fell  1829, 
May  8, 
3:30  P.  M. 


90 


91 


92 


Found  1882. 


Fell  1868, 
Dec.  5, 
3  P.M. 


Recognized 
1889. 


Stone.  Veined  gray  chondrite,  Cga.  Fragment 
from  interior.  Dark-gray,  with  white,  rounded 
chondri  and  numerous  metallic  grains.  Com- 
pact.   Cat.  No.,  256. 

Floyd  County,  see  Indian  Valley. 

Forest  City»  Winnebago  Co.,  Iowa. 

Stone.  Spherical  chondrite, Cc.  677  complete  in- 
dividuals, ranging  in  weight  from  one-tenth  of 
an  ounce  to  one  pound.  They  exhibit  almost 
every  variety  of  shape  and  degree  of  surface 
fusion.  From  the  tully  rounded  specimens 
with  thick,  black  crust  there  is  every  gradation 
to  those  whose  rough  surface  is  only  slightly 
blackened,  indicating  that  they  separated  from 
other  masses  only  a  short  distance  before 
reaching  the  earth.  The  interior,  where  seen, 
is  light-gra^i  with  coarse  metallic  particles.  In 
the  group  is  the  stone  which  fell  into  a  hay- 
stack witnout  setting  it  on  fire.  Cat.  Nos.,  340- 
41,  326. 

Complete  individual,  with  small,  conical  pittings 
resembling  raindrop  impressions.  Cat.  No., 340. 

Complete  individual,  with  small,  conical  pittings 
resembling  raindrop  impressions.  Cat.No.,340. 

Forsyth  County,  North  Carolina. 
Iron.    Ataxite,  Nedagolla  group.    Polished  slab. 
Cat.  No.,  568. 

Forsyth,  Monroe  Co.,  Georgia. 

Stone.  Veined  white  chondrite,  Cwa.  Thin  chip, 
polished.  Ground-mass  brownish-gray,  con- 
taining chondri  of  lighter  color,  and  scattered 
fine  metallic  grains.  Also  smaller  fragments. 
Cat.  No.,  240. 

Fragment  with  crust.  Crust  black,  dull,  and  thick^ 
Interior  like  previous  specimen.  Cat.  No.,  241' 

Fort  Duncan,  Maverick  Co.,  Texas. 
Iron.     Hexahedrite   H.    Thin   slab,   with  crust 
etched.    The  etched  surface  is  stippled  and 
shows  Neumann  lines.    Small  grains  of  troilite 
are  visible.    Cat.  No.,  113. 

Frankfort,  Franklin  Co.,  Alabama. 
Stone.     Howardite,  Ho.    Thin,  sawed  fragment. 
Light-gray  with  black  and  white  grains.     No 
metallic  particles  visible.    Cat.  No.,  296. 

Qilgoin,  Gilgoin  Station,  New  South  Wales. 
Stone.  Crystalline  chondrite,  Ck.  Polished  frag- 
ment, with  crust.  Polished  surface,  black, 
compact,  abundantly  sprinkled  with  metallic 
grains.  Light-colored  chondri,  1  mm.  in  diam- 
eter are  to  be  seen.  The  crust  surface  is  rough 
and  rusty  in  appearance.    Cat.  No.,  538. 
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Fell  1853. 
Feb.  10, 
1  P.  M. 

OlTKentl.  Sicily. 

Stone.     Veined  white  chondrite,  Cwa.     Potislied 
fr.igments    from    ioterior.      Gray,   very    fine 
arained,  with  briglii  metallic  grains.    Cat.  No.. 

ai 

Fouiiii  1881. 

QloriMsMountaln.  Santa  FeCo.,New  .Mexico, 

Iron.     Medium   ociahednte,  Oni.     Slab.   11x13 
cm.,  with  crust,  polished  and  etched.   The  well- 
known  Widmansliilien  fleures  of  this  iron  are 
fully  displayed.    Cat.  No..  122. 

Square  section  etched,  showing  both  coarse  iiiid 

1.271 
13 

m 

Found  imi. 

Qnuid  RapUs.  Kent  to.,  M  i  c  b  i  g  a  n. 

Iron.    Fine  ociahedrlie.  Of.    Fult-siied  section. 
13x17  cm..polished  and  etched.    Shows  very 
disliucl   and  striking   Widmanstruten   Iigures 
made  up  of  thin  plates  packed  together  in 
bundles.     Cat.  No.,  116. 

Full-siied.   thick   section.   16x22   cm.,  polished 
and  showing  Widmanstalten  figures  like  pre- 
vious specimen.     Cat.  No.,  117. 

l,ifi0.r) 

7,881 

w 

Fell  1861, 
June  28. 
^  P.  M. 

arosnija  ( Mikenskoi),  Caucasus.  Russia. 

Slone.     Black  cliondnte.  Cs.      Fragments  from 
interior.     Color,   black,   spoiled     with    while 
chondri.    Occasional  metallic  grains.    Texture 
compact.    Cat.  No.,  485. 

-1 

m 

Fell  1837, 
July  21. 
11:30  .\.M. 

arou-Mvliu,  Trentsiner  Com.,  Hungary. 

Stone.     Splierical  chondHle,  Cc.     Fragments  of 
interior   and    crust.     Interior    brownish-gray, 
friable.    Crust  black.     Cat.  No.,  545. 

i\7AZ 

98 

Fell  1881, 
Nov.  10, 
6:30  A.  M. 

Russia. 
Sione.  Veined  while  chondrite.  Cwa.  Fragnienis, 
withcrust.  Crust  black,  raihersmooih.  Tnierior 
light-gray,  tine-grained,  rather  friable.    Shows 
shining   metallic   grains   and   a   narrow   vein. 
Cat.  No.,  5«. 

O.iU 

1»H 

Foiiii.]  1«5(;. 

Iron-stone.    Mesosiderite.M.  Thin  chip,  showing 
natural   and  polished  surface.     The   metallic 
grains   are   small,   and    scattered    through    a 
brownish  mass  of  asmanite  and  bronzite.    Cat. 
No..  185. 

Fragment  from   interior.      Black,   tine-graiiied. 
Cat.  No.,2tt7. 

1U.5 
1.3 

100 

Fuiiiid  IM8J. 

iron.   Compact  iron  with  octahedral  streaks.  Do. 
Thin  slab,  showing  one  etched  and  one  pol- 
ished surface.    The  component  granules  have 
a   peculiar,   shagreened   appearance,   due   to 
their  grouping  in  smaller  and  larper  squares 
and  to  scattered  flakes  of  sctireibersite.     Cat. 
No..  124. 
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No. 
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102 


103 


104 


105 


106 


107 


Date 
of  Fall  or  Find. 


Found  1895. 


Fell  1857, 
April  1, 
Night. 


Fell  1869. 
Jan.  1, 
12:30  P.  M. 


Found  1882. 


Found  1887. 


Fell  1875, 
Feb.  12, 
10:15  P.  M. 


Prehistoric. 

Described 

1902. 


NAME  AND  DESCRIPTION. 


Hartford,  see  Marion. 

Hay  den  Creek,  Lemhi  Co.,  Idaho. 
Iron.    Medium  ociahedrite,  Om.   Etched  section 
with  crust.    Shows  typical  octahedral  figures. 
Cat.  No.,  489. 

Henry  County,  see  Hopper. 

Heredla,  Costa  Rica,  Central  America. 
Stone.      Brecciated    spherical    chondrite,    Ccb. 
Fragment  from  the  interior.     Light-gray  with 
metallic  grains.   Texture  rather  firm.  Cat.  No., 
442. 

Hessle,  near  (Jpsala,  Sweden. 

Stone.  Spherical  chondrite,  Cc.  Sawed  frag- 
ment, with  thin,  dull  black  crust.  Metallic 
grains  coarse  and  numerous.     Cat.  No.,  297. 

Fragment  showing  crust  on  all  but  two  surfaces. 
Cat.  No.,  298. 

Hex  River,  Cape  Colony,  So.  Africa. 

Iron.  Hexahedrite,  H.  Sawed  slab,  one  surface 
etched.  Neumann  lines  are  partially  discern- 
ible, but  more  prominent  are  the  parallel  sys- 
tems of  troiliie  plates  described  by  Brezina. 
These  are  beautifully  shown  in  this  specimen. 
Cat.  No ,  115. 

Holland's  Store,  Chattooga  Co.,  Georgia. 
Iron.    Brecciated  hexahedrite,  Hb.    Thin  frag- 
ment with  crust.     Polished  surface.    Cat.  No., 
129. 

Homestead,  Iowa  Co.,  Iowa. 

Stone.  Brecciated  gray  chondrite,  Cgb.  Com- 
plete individual,  nearly  covered  with  crust. 
Surface  indented  with  broad,  shallow  pits. 
Crust  thin,  dull  black.  Interior  of  stone  dark- 
gray.    Cat.  No.,  312. 

About  three-fourths  of  a  complete  individual. 
Crust  and  interior  like  previous  specimen. 
The  chondritic  structure  is  well  exhibited,  and 
metallic  grains  are  numerous.    Cat.  No.,  313. 

Polished  slab,  16  x  20  cm.  with  crust.  The 
abundance  of  metallic  constituents  is  well  dis- 
played in  this  specimen  as  are  also  the  chondri. 
Cat.  No..  314. 

Hopewell  Mounds,  Ross  Co.,  O  h  i  o. 

Iron.     Medium  octahedrite.Om.  Fragment  with 

etched  surface.    Cat.  No.,  480. 
Fragments,  worked  into  beads.     Cat.  No.,  48L 


Weight 
in  i^rams. 


51 


4.5 


18 


5 


364 


28 


3,175 


7,620 


1,744 


125.5 
11.5 


Field  Columbia 


NAME  AND  DESCRIPTH.i; 


Hopper,  Henry  Co.,  Virginia. 

Iliis  meteonte  is  usually  known  by  the  name  i 
Henry  Cnunty,  but  <i3  Ihc  place  of.lind  i. 
accurately  given  near  the  present  post-office 
of  Hopper,  the  above  name  seems  desirable. 
Boll)  WUIIing  and  Berwerih  inquire  whether 
this  meteorite  should  not  be  classed  with 
Locust  Grove,  but  the  two  bear  no  resemblance 
in  structure  and  tlie  localities  are  three  hun- 
dred miles  apart.  The  Hopper  iron  somei " 
resembles,  however,  that  of  Smith's  Mountain 
in  structure  and  cnmposition  and  the  local 
are  only  eighteen  miles  apart. 

Iron.  Medium  octaliedrite,  Om.  Cleavage 
pieces,  (octahedral)  much  oxidized.    Cat.  No., 

Imllac,  Aiacania,  Chile. 

Iron-stone.     Pallasile,    P.      Fragment    of 

niairiK,  most  of  the  Stony  filling  having  dropped 

out.     Cat.  No..  160. 
Like  previous  specimen.    CaL  no.,  IGl. 
Thick  slab,  polished  and  etched.    The  metallic 
*   portion    exhibits    occasional    Widmanslatiet 

figures.    Its  spotige  like  pores  are  tilled  with 

chrysolite  more  or  less  decompused.   Cat.  No. 

162. 

Inca  (Llano  del  Inca),  Atacatnn,  Chile. 

Iron-stone.  Mesosiderite,  M.  Dark  brown  mass, 
witli  natural  and  polished  surfaces.  Metallic 
grains  appear  only  on  one  edgp.   Cat.  No.,  188. 

Complete  individual,  intersected  by  the  cracks 
so  characteristic  lit  this  meteorite.    A  tew  la-- - 

Sains  of  chrysolite  are  enclosed  in  cavitiei 
e  surface.     Cat.  No.,  189. 
Thick  slab,  polished  on  two  surfaces.    No  mt 
lie  grains  are  visible.    Cat.  No.,  190. 

Indarch,  Caucasus,  Russia. 
Sione.  Carbonaceous  spherical  chondrile,  Kc. 
Fragment  from  interior.  Color,  brownish  black. 
Appears  porous  on  account  of  chondri  havine 
dropped  out.  Numerous  chondri,  some  of 
them  shiny  black,  all  spherical  and  up  to  l/( 
mm.  in  diameter,  project  from  the  mass.  "' 
nute.shininK.  metallic  grains  are  numerous 
show  in  one  place  a  vein-like  arrangement. 
Cat.  No..  506. 

Indian  Valley,  Indian  Valley  Township. -Floyd 
Co.,VirBinia. 
Iron.  Hexahedrite,  H.  There  seems  to  be 
evidence  of  brecciaiion  in  this  iron  sufficient 
lo  warrant  calling  it  a  breccJated  hexahedrii 
About  hall  of  the  original  mass,  one  surface 
polished.  This  surface  is  of  bright  nickel- 
white  color  and  exhibits  numerous  parallel 
rowsol  rhabdite  inclusions.  The  crust  surface 
shows  rather  deep  pitlings.    Cat.  No.,  151, 
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13 


14 


15 


16 


17 


18 


19 


20 


Date 
of  Fall  or  Find. 


Found  1880. 


Found  1885. 


Found  1885. 


Fell  1889, 
Dec.  1, 
2:30  P.  M. 


Found  1883. 


Fell  1873, 
June. 


Found  1884. 


Found  1866. 


NAME  AND  DESCRIPTION. 


Full-sized  section,  9.x  16  cm.,  etched.  The  etched 
surface  exhibits  a  bright  sheen  flecked  with 
granular  spots  arranged  in  lines.  Two  small 
nodules  of  troilite  are  visible. 

See  Plate  XXXVI.    Cat.  No.,  463. 

I vanpah,  San  Bernardino  Co.,  California. 
Iron.    Medium  octahedrite,  Om.    Chiseled  frag- 
ment which  shows  no  evidence  of  cleavage. 
Cat.  No.,  112. 

Jamestown,  Stutsman  Co.,  North  Dakota. 
Iron.     Fine  octahedrite.  Of.      Etched  section, 
2.5  X 11  cm.,  with  crust.  Widmanstatten  figures 
are  but  dimly  outlined.    Cat.  No.,  483. 

Jamy8Chew^(Pawlodar),  Semipalatinsk,  Russia' 

Iron-stone.    Pallasite,  P.     Polished    fragment, 

made  up  principallv  of  chrysolite  enclosed  in 

an  iron  matrix.    Also  some  loosd  grains  of 

chrysolite.    Cat.  No.,  183. 

Jelica,  S  e  r  V  i  a. 

Stone.  Amphoterite,  Am.  Fragment  with  crust. 
Crust  black,  rather  smooth,  the  surface  show- 
ing typical  pittings.  Interior  gray,  with  angu- 
lar pieces  of  bronzite  projectmg  from  a 
fine-grained  ground-mass.  Texture  friable. 
Metallic  grains  small  and  scarce.  An  excel- 
lent specimen.    Cat.  No.,  511. 

Jenny's  Creek,  Wayne  Co.,  West  Virginia. 
Iron.    Coarse  octahedrite,  Og.     Chiseled  frag- 
ment, showing  cleavage  octahedrons,  separated 
by  bright  plates  of  taenite.    Cat.  No.,  114. 

Jhung,  Punjab,  India. 

Stone.  Spherical  chondrite,  Co.  Fragment  from 
interior.  Grayish  brown,  coarse-grained, 
chondritic,  metallic  particles  few  and  small. 
Cat.  No.,  305. 
Thin,  polished  fragment,  showing  characters 
like  previous  specimen.    Cat.  No.,  306. 

Joe  Wright  Mountain,  Independence  Co.,  Ar- 
kansas. 
Iron.  Medium  octahedrite,  Om.  Thin  slab, 
etched,  showing  nodules  of  troilite  and  typical 
Widmanstatten  figures.  The  arrangement  of 
plates  about  one  of  the  troilite  nodules  suggests 
a  spherulite.    Cat.  No.,  120. 

Juncal,  Atacama,  Chile. 

Iron.  Medium  octahedrite,  Om.  Thin  slab  with 
crust,  etched.  Shows  well-marked  Widman- 
statten figures,  the  plates  of  taenite  being  very 
distinct.    Cat.  No.,  140. 


Weight 
in  grams. 


659 


3 


104 


15 


69 


21 


4 
2.5 


98.5 


60 
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in  KHim-.. 

Fell  1821. 

JuvlnM.  Dep.  Ardedie.  France. 

121 

June  15. 
3:30  P.  M. 

Stone,     Euitriie,  Eu.    Three  ffagnienls  from  in- 

leriiir.    Dark-Rray.    Structure  not  well  defined. 

No  melallic  grains  visible.    Cat.  No..  237. 

12 

Ki.ow.1  1887. 

122 

Iron.    Brecciated  hexahedrite.  Hb.     Thin  slab 
with  natural,  sawed  and  eicheil  surfaces.    The 
etched  surface  exhibits  a  coarsely  granular 
structure,  crossed   by  a  network   of   delicate, 

straight    lines.     Shows   numerous   nudules  of 
tmiliie.  line  15  mm.  in  diameter.   Cat.  No.,  138. 

118 

1,11111.1  IHHH. 

Kenton  County,  Kentucky. 

lil 

Iron.      MeJium   uctahedrite,  Oin.     About   one- 
third  of  the  original  mass,  showing  crust  and 
polished  surface,  22  x  J2  cm.   Contains  nodules 

of  truilile.     Cat.  No.,  133. 

3e,wio 

Full-siied  slab,  14x19   cm.,  etched.     W.dmaii- 

stallen    figures    verv    distinct    and    resular. 

Shows  marlced  cleavage  and  tendency  tu  sep- 

urrttc  along  the  cleavage  planes.    Very  perfect 

octahedrons  can  be  cleaved  out  from  the  mass. 

Cat.  No..  134. 

7.483 

FuU-si/'td  slab.  23ic  4i  cm.    lioth  aides  polished. 

Cat.  Nn..  135. 

12.231 

Fell  IS60, 

Keraouve  (CMgu^rec).  Murblhan,  France. 

124 

Mhv  22, 

Slonc,     Crysialliiie    chondHte,    Ck.     Fragment 

10  P.  M. 

from  iiuerior.     Cat.  No,  889. 

Ihin  L-l,i|..  >Mu- siiifiice  polished.     The  polished 
ami. It,-  i'  ^;f.(yisli -brown  in  color,  dotted  with 
ininuti^  mcUilic  grains,  and  large  black  chon- 

0,4 

excellent  polish.     Cat  No.,  300. 

Thin,  polished  fragment.    Cat.  No.,  .301. 

2-1 

Fell  1850, 

Kesen,   Iwate  Prefecture,  Japan. 

135 

June  13. 

Stone.     Brecciated    spherical    chondrile,    Ccb. 
Mass  showing  crust  and  interior.   The  crust  sur- 
face differs  httlc  from  the  interioi  except  that 

the  melallic  gr.iins  of   the  former  have  been 

blackened  by  fusion,  and  broad,  shallow  pits 

appear  on  this  surface.    The  inierior  is  dark- 

gray,  compact  and  plentifully  sprinkled  with 

rusty  iron  grains.    A  porlion  of  the  surface  is 

smoothed   and    grooved,   indicating    slipping 

along  these  planes.     Cat.  Nu.,  257. 

1,280 

Similar  to  previous  specimen,  but  showing  elon- 

gated piis  on  the  crust  surface.     Cat.  No.,  253. 

1,211 

Kell  186«, 

KnyshlnyK,  near  Nagy-Bereina,  Hungary. 

12« 

JuneO, 

Stone.    Graychondnte.Cg.    One-half  of  a  com- 
plete  individual,  showing  crust  and  polished 
surface.  13xl8cm.     The  latter  exhibits  large 

5  K  M. 

and  small   chondri,  wiih   few   melallic   grains. 

Cat.  No,,  284. 
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Date 
No.     of  Fall  or  Find. 


Found  1749. 


127 


128 


Found  1891. 


Recognized 
1828. 


129 


Found  1860. 


130 


Fell  1803, 
April  26, 
1  P.  M. 


NAME  AND  DESCRIPTION. 


Complete  individual,  covered  with  thin,  black 
crust.    Cat.  No.,  285. 

Complete  individual,  mostly  covered  with  black, 
somewhat  shining  crust.  Surface  indented 
with  shallow  pits.  Cat.  No.,  286. 
^  Flattened  mass,  showing  crust  and  one  polished 
surface.  The  crust  surface  is  smooth  and  cov- 
ered with  small,  conical  pittings.  giving  to  it 
the  appearance  of  having  a  cellular  structure. 
The  polished  surface  well  exhibits  the  aggrega- 
tion of  chondri  which  make  up  the  mass  of  the 
stone.  Some  of  the  chondri  reach  a  diameter 
3  mm.    Cat.  No.,  287. 

Complete  individual,  of  irregular,  pyramidal 
form,  surface  covered  with  shming  black  crust. 
Cat.  No.,  288. 

Krasnojarsk  (Medwedewa),  Gov.  Jeniseisk,  S  i  - 
be  ria. 

The  Pallas  Iron.  Iron-stone.  Pallasite,  P.  Frag- 
ment of  the  iron  matrix  with  a  little  chrysolite. 
Cat.  No.,  157. 

Chiseled  fragment  showing  both  iron  and  chryso- 
lite.   Cat.  No.,  158. 

Several  fragments,  composed  of  iron  and  chryso- 
lite.   Cat.  No.,  159. 

Sawed  fragment  with  crust,  etched.  Shows 
typical  octahedral  figures.    Cat.  No.,  505. 

Melnikoff  regards  this  a  separate  fall. 

La  Caille,  Dep.  Var,  France. 
Iron.      Medmm  octahedrite,  Om.     Etched  slab 
with  crust.     Displays  the  typical  swollen  oc- 
tahedral figures  of  this  meteorite.     Cat.  No., 
541. 

La  Orange,  Oldham  Co.,  Kent  ucky. 

Iron.  Fine  octahedrite,  Of.  Sawed  section  with 
crust,  and  etched  surface.  The  short,  narrow, 
irregular  bands  of  kamacite  are  bordered  by 
thin  plates  of  taenite.    Cat.  No.,  84. 

L'Aigle,  Normandie,  Dep.  Orne,  France. 

Stone.  Brecciated  intermediate  chondrite,  Cib. 
Gray  powder.    Cat  No.,  218. 

Fragment  with  crust.  The  latter  thin,  reddish 
brown,  smooth.  Interior  grayish-brown,  com- 
pact, porphyritic  in  appearance.    Cat.  No.,  219. 

Fragment  witli  crust  ana  polished  surface.  The 
polished  surface  shows  a  few  fine,  metallic 
grains.  Through  a  dark,  amorphous  ground- 
mass  are  mingled  grayish-white  nodules  of 
various  sizes.    Cat.  No.,  220. 


Weight 
in  grams. 


10 
239 


3.231 
82.5 


9 

12.5 
76.5 
169 


:« 


47 


.25 


111 


60 
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No. 

of  Falior'Flnd. 

W.^ME  AND  DESCHIPTION, 

Wf  Kill 

Fell  1897, 

LancoD,  Iluuches-du-Kliune,  Fraace. 

131 

8?M  p.  M. 

Stone.     Brccciated  gray  chondriie,  Cgb.     Frag- 

ment with  crust.      Interior  gray,  of   unifonn 

texture,  with  shining  metallic  grains.    Individ- 

ual  cbondri   not  clearly   discenuble.      There 
are  numerous  slickensided  surfaces  running  in 
varii.us  directions.    Crust,  dirtv  black,  cracked 

and  rough.    Cat  No.,  626. 

ts 

Found  1857, 

Lnureas  County,  South  Carolina. 

132 

Iron.    Fire  octahedriie.  Of.    Thin  slab,  etched, 
ahowine    beautiful     Widmaiistatten     figures. 
The  delicate  bands,  silver-white  in  color,  and 

intersecting  in  equilateral  triangles,  stand  out 

in  sharp  contrast  to  the  dull-gray  of  the  ground- 

mass.    Cat  No.,  76. 

13 

Found  1814. 

Lenarto.  Saros.  Hungary, 

133 

Iron.     Medluni   octahedriie.  Om.    Square   slab, 
showing  crust  on  one  side  and  one  etched  sur- 
face.   No  W  id  roan  St  at  ten  figures.   Cat.  No,  35. 

47 

Fell  1845, 

Le  PresAoir,      I.ouans,     Dep.    Indre    et   Loire. 

134 

Ian.  25, 

France. 

3  P.  M. 

Stone.    Spherical  chondrtte,  Cc.  Fragment  with 
crust.    CruBl  blfick,  smooth,     Interior  lighi- 

gray.  somewhat  rusted.      Outlines  of  chondri 

arc  barely  descernihlc.    Cat.  No..  439. 

1-.6 

Fell  1896, 

Leaves,  Namur.  Belgium. 
Sione.     Gray    chondrite,   Cg,      Fragment    with 
crust       Interior  gray   with   shining    metallic 
grains.    Individual  chondri  are  visible.    Crust 
black  and  smooth.     Cat.  No.,  542. 

135 

^s;'A. 

IC.O 

Found  ISHO. 

Lexington  County,  South  Carolina. 

136 

Iron.     Coarse  octahedrite.  Og.     Thin  slab  with 
crust,   etched.     Etching   divides   the   surface 
into  irregular  grains,  but  no  regular  structure 

is  visible.     Cat.  No.,  111. 

23.5 

Found  1834. 

Lime  Creek,  Monroe  Co.,  Alabama. 

137 

Iron.     Henahedrite.    H.      Thin,   polished   slab. 
The  etched  surfnce  bears  intersecting  short, 

straight  lines  of  rhabdite.     Cat.  No.,  38. 

•25.5 

Worked  mass.    Cat.  No..  39. 

121* 

Section  with  crust     Cat.  No.,  434. 

32 

Fell  1813. 

Limerick,  Adare.  Ireland. 

138 

Sept.  10, 

0  A.  M. 

Stone.    Veined  gray  chondrite,  C%a.    Thin  chip, 

polished.     Dark-gray,  with  thickly  distributed 

rusty  iron  fiakea.     Cat.  No.,  233. 

1,5 
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No. 


139 


140 


141 


142 


143 


144 


145 


Date 
of  Fall  or  Find. 


Known  1853. 


Fell  1808, 
Sept.  3, 
3:30  P.  M. 


Fell  1820. 
July  12. 
5:30  P.  M. 


Found  1857 


Found  1892. 


NAME  AND  DESCRIPTION. 


Found  1854. 


Fell  1886, 
Nov.  10, 
3  P.  M. 


Lion  River,  Great  Namaqualand.  SouthAfrica. 
Probably  the  same  as  Mukerop. 
Iron.  Fine  octahedritc.  Of.  Etched  slab,  with 
crust.  Beautiful  Widmanstatten  figures  are 
displayed,  the  plates  being  narrow  and  very 
distinct.  Cat.  No.,  62. 
Like  No.  62,  but  Widmanstatten  figures  less  dis- 
tinct.   CaL  No.,  376, 

Lissa,  Bunzlau.  Bohemia. 
Stone.    Veined  white  chondrite,  Cwa.   Fragment 
from  interior.     Light-gray,  with  few  metallic 
grains.    White  chondri  of  various  sizes  are 
visible  here  and  there.    Cat.  No.,  510. 

Uxoa  (Lasdany),  Witebsk,  Russia. 
Stone.    Veined  gray  chondrite,  Cga.    Fragment 
from  interior.     Dark -gray  with  shining  metal- 
lic grains.  Slickensided  surface.    Cat.i<o.,5oO. 

I^ociist  Grove.  Henry  Co.,  Geo  r  g  i  a. 
Iron.    Ataxite,  Siratik  group.    Thick  slab  with 
crust.   Etched.  Granular  structure.    Rhabdite 
inclusions.  Cat.  No..  558. 

Long  Island*  Phillips  Co..  Kansas. 
Stone.  Crystalline  chondrite,  Ck.  Nearly  com- 
plete individual,  made  up  of  four  pieces  which 
have  been  placed  together  along  the  line  of 
original  fracture.  Together  with  these  is  a 
large  number  of  smaller  pieces,  varying  in 
weight  from  10.000  grammes  to  5  grammes, 
probably  also  a  part  of  the  same  individual  at 
the  time  it  fell  to  the  earth.  The  surface  of  the 
main  mass  is  indented  by  shallow,  elliptical 
pits,  the  long  axes  of  which  run  in  parallel 
directions.  The  crust  is  smooth  and  brown, 
but  in  many  places  coated  with  a  white  incrus- 
tation of  carbonate  of  lime,  derived  from  the 
soil  in  which  the  stone  lay.  The  interior  of 
the  mass  shows  a  very  compact,  fine-grained 
texture,  with  few  metallic  grains;  color,  dark- 
green.  The  smaller  fragments  are  much 
rusted  by  exposure.    Cat.  No,,  350. 

Madoc,  Hastings  Co.,  Ontario,  Canada. 

Iron.    Fine  octahednte,  Of.     Spheroidal   frag- 
ment showing  natural  surface  with  pittings. 
Cat.  No..  65. 
Thin,   sawed   slab   with   natural    surface.     Cat. 
No.,  66. 

Maeme«  Hislugari,  Prov.  Satsuma,  Japan. 
Stone.  Veined  white  chondrite,  Cwa.  Fragment 
with  crust.  Crust  black  and  smooth.  Interior 
light-gray  with  rusty  spots  and  metallic  grains. 
No  distinct  chondri  visible.  Texture  friable. 
Cat.  No.,  440. 


in  frauiift. 
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No. 

dI  Fall  ur  Kind 

S.\ME   AND  DESCRIPTION. 

«'e.ghi 

Found  1840, 

Magura,  Arva,  Hungary. 

1-1  f! 

Irun.    Coarse  octaliedrite.  Og.     Irregular  frag- 
ment.   Cleavage  siruciure   prominent.     Cat, 

No.,  4G. 

1.^7 

Fragment  showing  naturnl  and  etched  surLice. 

No  Widmanstatlen  figures.     Cat.  No.,  47. 

166.6 

Found  lSri2. 

Mainz,  Hesse,  Germany. 

Stone.  Crysti.llinechon(irite,Ck.   Polished  Irag- 

U7 

mciit.     Color,   dark-brown,   with   thinly   scat- 

tered metallic  grains.    Lishl-colored  chondri 
are  discernible  bv  iheir  outlines.   Cat,  No.,  441. 

1.8 

Fell  IW2. 

majaUhtl.    Finland. 

MS 

h".  C, 

Iron-stone.   Pallasite,  P.   Section  10x5  cm.,  with 

10  P.  M, 

one  polished  and  etched  surface.     Shows  usual 
sjioiiRe-like  siruciure  of  pallasiles,  Ihe  large 
cavities  in  the  nickel-iron  being  filled  with  gran- 
ular clirysolne.    Metallic  portion  nickel-wliitc 
in  color,  not  uxidiied.     Widmanstiilten  figures 
appear  on   the   nickel-iruii.     There   are    two 
small-siied  inclusions  of  a  brontc-yellow  mag 
iietic    niinera!,    probably    schretbersite. 

See  Plate  XXXIII.    Cat.  No.,  5G2. 

i:i7 

Fell  1963, 

Manbhoom,  Hengal,  India. 

149 

Dec,  22. 

SloTie.    Ampholeriie,  Am.     Fragments  from  in- 

9 A.M. 

terior.     Lii;ht-gray  in  color.     Shows  broniite 

and  a  metallic  grain.    Cat.  No.,  661. 

0.85 

Fell  IS47, 

Marron,  Linn  Co..  Iowa. 

150 

Fell.  -Zr,. 

This  fall  is  often  known  as  Hartford,  Linn  Co. 

2;4f.  1'.  M, 

Hartford  is,  however,  a  hundred  miles  distant 
and  not  in  Linn  Co.    The  name  seems  lo  have 
been  applied  because  one  of  the  first  published 
letters   describing   the   fall    was    dated   from 
Hartford.     As  the  tall  took   place  only  nine 
miles  from  Marion  and  this  is  the  nearest  Iar(;e 
town  as  well  as  the  county-seai.  it  seems  to  be 
the  besl  name  by  which  to  designate  the  fall. 
Stone.     Veined   while    chondrite.   Cwa.      Mass 
with  crust.    The  crusi.  thick  and  dull  black,  is 
intersected    by    numerous    cracks.      Interior 
pearl-gray,  abounding  in  minute  iron  grains. 
IJelicaie  lines  of  fracture,  which  traverse  Ihe 

slickeiisided  surfaces.     Cat.  No.,  355, 

128 

Fell  1768. 

151 

Nov.  20. 

Stone.    White  chondrite.  Cw.     Fragment  witli 

4  P.M. 

crust.     Two  polished  surfaces  show  scattered 
metallic  grains  and  well-marked  chondri.    Cat. 

No.,  211. 
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No. 


152 


153 


15i 


155 


156 


157 


158 


Date 
of  Fall  or  Find. 


Fell  1870. 


Described 
1875. 


Fell  1862, 
Oct.  7. 
12:30  P.  M. 


Fell  1852, 
Sept.  4, 
4:30  P.  M. 


Fell  1889, 
June  9, 
8:30  A.  M. 


Fell  1842, 
April  26, 
3  P.  M. 


Found  1857. 


NAME  AND  DESCRIPTION. 


Weight 
in  grams. 


McKinney,  Collin  Co.,  Te x  a  s. 
Sione.  Black  chondrite,  Cs.  Plano-convex  mass, 
showing  crust  and  polished  surface.  Crust 
reddish-brown,  about  1  mm.  thick.  Interior 
greenish-black,  exhibiting  scattered  metallic 
grains  and  outlines  of  chondri  in  almost  un- 
broken connection.    Cat.  No.,  355. 

Mejillones,  Atacama.  Chile. 

Iron.  Brecciated  hexahedrite,  Hb.  Thin,  pol- 
ished slab.  The  nickel-iron  is  distributed  m  a 
fine  network  and  occasional  nodules  through 
an  amorphous  ground-mass.    Cat.  No.,  172. 

Menow,  Mecklenburg,  Germany. 
Stone.  Crystalline  spht-rical  chondrite,  Cck. 
Fragment  from  interior,  made  up  of  coarse, 
transparent  grains  with  rusty  metallic  ones,  the 
whole  resembling  a  piece  of  brown  sandstone. 
Cat.  No.,  278. 

Mezc -Madras,  Trainsylvania,  Hungary. 

Stone.  Brecciated  gray  chondrite,  Cgb.  Polished 
fragment  from  mterior.  In  the  dark -brown 
ground-mass  are  sharply  outlined  gray  and 
white  chondri,  interspersed  with  bright,  minute 
grains  of  nickel-iron.    Cat.  No.,  260. 

Like  previous  specimen,  but  showing  rough,  dull- 
brown  crust,  not  sharply  separated  from  the 
interior.    Cat.  No.,  261. 

•• 
Mighei,  Gov.  Kherson,  Russia. 

Stone.  Carbonaceous  chondrite,  K.  Fragment, 
with  crust.  Of  dark  color,  somewhat  resem- 
bling a  piece  of  graphite,  and  so  friable  as  to 
soil  the  fingers.  Crust  reddish  and  scoria- 
ceous.    Cat.  No.,  338. 

Like  previous  specimen,  except  that  crust  is 
darker.  Chonari  of  lighter  color  are  distrib- 
uted through  the  mass.    Cat.  No.,  339. 

Milena  (Pusinsko  Selo),  Croatia,  Hungary. 
Stone.   White  chondrite,  Cw.   Fragment  from  in- 
terior.   Light-gray,  with  coarse  and  fine  metal- 
lic grains.    Shows  distinct  chondritic  structure. 
Cat.  No ,  250. 

Mincy,  Taney  Co.,  Missouri. 

Iron-stone.  Mesosiderite,  M.  Sawed  slab,  10x13 
cm.,  showing  natural  and  polished  surfaces. 
The  metallic  and  non-metallic  minerals  are 
about  equally  abundant.    Cat.  No.,  167. 

Like  previous  specimen  except  that  the  silicates 
are  gathered  in  large  nodules  in  certain  por- 
tions.   Cat.  No.,  168. 

Fragment  with  natural  surface.    Cat.  No.,  77. 
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No. 

of  r-nit'Vmj. 

NAME  .\ND   DESCKrPTlON' 

Weiflii 
in  Ktani- 

Known  1H04. 

HistCM,  Oaicaca.  Mexico. 

Iflrt 

Iron.     Medium   octahedrite,  Om.     Piirous  slab, 
eiched.     Widmansliitten    figures    quite     dis- 

tinct.   Cat.  No..  32. 

m 

Fell  1I«2. 

MOCS,  Kolos.  Hungary. 

IflO 

Feb.  a, 

Stone.     Veined  wliile  ciiondrite.  Cwa.     Nearly 
cnmplele   individual,  cuboidal   in  form,  with 

grayish-Erown  in  color,  wilh  coaree,  metallic 

i  P.  M. 

eraiDi.    Cm.  No.,  322. 
Elongated  f  raeinenl.  shawins  crust  on  two  sides. 
Narrow,  darli  veins  pass  through  the  mass  in 
several  directions.     Cat.  No.,  3^ 

179 

41 

Six  fragments  of  nearlv  equal  siie.sliowing  crust 
and  interior.    They  haie  in  general  a  cuboidal 

Portions  ot   llie    tnierior   di^lay  a    slicken- 
sided  surface.     Cat.  No,,  3U-^. 

513 

Complete  individual,  tetrahcdral  in  form.    En- 

tirely covered  with  thick,  black  crust,  except 

at  one  point,  where  the  light-gray  interior  mav 

be  seen.    Cat.  N'o..  330. 

80.S 

Complete  individual,  plano-convex  in  form,  the 

convex  surface  being  evidently  the  "'  breast  " 
side.    The  opposite  lace  shows  a  thinner  crust 

and  ruugher  surface.     Cat.  No..  331. 

6 

Monroa,  see  Flows. 

Fell  1«10. 

ICl 

.\llSUSI. 

SMnr,     Veined  ^ray'chondriie.Cga.     Fragment 

N.K...1. 

Willi  cnisl.     Orust   black,  somewhat  sbming. 
Interior,   compact,   ash  gray.     Shows   coarse, 
metallic  grains  and  white  chondri.    Cat.  No., 
228. 

■J 

Kecosniied 

Mooraooppli.  Uest  Australia. 

182 

IBM. 

Iron.     Coarse  iKtahedrite.  C^.      Polished   and 
etched    section   wilh    crusL     Widmanslattcn 
figures  irregular,  and   Slotched  with  sclirci- 
berite.    Resembles    Oscuro    Mts.  in  figures. 

Cat.  No..  5*0. 

99 

Kell  1826. 

MordvliMvka.  &iv.  Ekaterinoslaw.  Russia. 

163 

May  1». 

Slnuc      White  cbondrite,  Cw.     Fragment  Irom 
the  interior.    Light  gray,  Decked  with  nisi  and 
Alining  metallic  grains.     No  distinct  chondri 
are  visible.     Cac  No..  MS. 

15 

Foumi  ISSJ. 

16* 

Iron-sioue.     Mesusiderite,  M.     Full-sii«],  pol- 
ished section.  8x  1*  cm.    The  stony  and  metal- 
lic potiituts  aie  about  equal  in  qoantily.     The 
nickel  iruD  tenJs  to  gallier  in  Urge,  rotinded 
cHxIulcs.    The  stonv  fiortkia  is  black  and  iinin- 
dividoaliied  megasM^opicallv.    Cat.  No.,  sd. 
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Date 
No.     of  Fall  or  Find. 


165 


Found  1887. 


Found  1868. 


166 


167 


Found  1899. 


168 


Found  1897. 


169 


Found  1847. 


170 


Found  1899. 


171 


Fell  1879, 
July  1, 
Evening. 


NAME  AND  DESCRIPTION. 


Mount  Joy,  Mount  Joy  Township,  Adams  Co., 
Pennsj^lvania. 
Iron.  Brecciated  hexahedrite,  Hb.  This  is 
classed  by  Berwerth  as  Ogg,  but  to  the  writer 
it  has  the  characters  of  a  cubic  iron.  Thick, 
etched  section  10x13  cm.,  with  crust.  The 
well-known  fragmental  structure  of  this 
meteorite  is  plainly  exhibited.  Along  the 
lines  of  union  of  tne  fragments  flakes  and 
grains  of  schreibersite  are  to  be  seen.  Cat. 
No.,  432. 

Mount  Vernon,  Christian  Co.,  Kentucky. 
Iron-stone.  Pallasite,  P.*  Polished  slab  15x15 
cm.  Shows  network  of  nickel-iron  holding 
rounded  to  angular  masses  of  chrysolite.  The 
nickel-iron  is  unequally  distributed,  occurring 
now  in  a  solid  mass,  now  in  a  network,  and 
now  disappearing  entirely.  It  frequently  con- 
tains inclusions  of  schreibersite.  The  chryso- 
lite is  of  dark-yellow  color,  transparent  to 
opaque.        See  Plate  XXXIII.    Cat.  No.,  567. 

« 

Mukerop,  near  Tress,  in  Gibeon  region,  G  e  r.  S. 
W.  Africa. 
Iron.  Finest  octahedrite,  Off.  Etched  slab, 
showing  well-defined,  typical  Widmanstatten 
figures.  Cat.  No.,  552. 
Etched  slab,  11x7  cm.,  showing  different  figures 
on  two  sides  of  a  median  line. 

See  Plate  XXXV.    Cat.  No.,  569. 

Mungindi,  Queensland,  Australia. 

Iron.     Fine  octahedrite,  Of.     Full-sized,  etched 
section,  21  x  9  cm.   Widmanstatten  figures  well 
marked.     Numerous  troilite  inclusions. 
See  Plate  XXXVII.    Cat.  No.,  461. 

Murfreesboro,  Rutherford  Co.,  Tennessee.^ 
Iron.     Medium  octahedrite,  Om.     Etched   slab 
showing  distinct  Widmanstatten  figures,  the 
plates  of  which  run  principally  at  right  angles. 
Cat.  No..  58. 

Murphy,  Cherokee  Co.,  North  Carolina. 
Iron.    Hexahedrite,  H.     Polished   and   etched 
section.    Shows  typical  sheen  of  hexahedrites ; 
also  a*few  small  troilite  inclusions.  Cat.  No.,  503. 

Nagaya,  Entre  Rios,  Argentina,  South  Amer- 
ica. 

Stone.  Carbonaceous  chondrite,  K.  Small 
fragment,  entirely  black  in  color,  one  surface 
having  a  scoriaceous  appearance,  the  remain- 
der the  luster  of  graphite.    Cat.  No.,  320. 

Several  fragments,  naving  much  the  appearance 
of  bits  of  black  lava.    Cat.  No.,  321. 


Weight 
in  grams. 
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1,000 
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429 


627 


20.5 


125 


10 
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ol  Fall  "t%-[Dd, 

N.\ME  AND   DESCRIPTION. 

Werghl 

inKratns. 

Found  1890. 

Nagy-VMSony,    Hungary. 
Iron.  Medium  octaliedriie.Ora.  Thin  slab  show- 

172 

ing    natural,   etched    and   polithed   surfaces. 

TvpJcal  WidmansiStieii  figures.   Cat.  Ko„  139. 

37 

Fell  lH2o. 

173 

Feb.  10, 

Stone.     Spherical    chundrite,   Ce.     Fragmtnis 

Noon. 

from  interior.    Light-Rray,  lii>e-ar3iiied,  some- 
what friable.     Melallic   iiiirllclcs  thickly  dis- 

tributed.   CaL  No.,  'ias. 

0.5 

Fuuiid  18fil. 

Neled,  WH<)ee  Banee  Khaled,  CeniralArabi^. 

174 

Iron.     Medium  octahedrite.  Om.     Etched  slab, 
with  crust.     Typical  octahedral  figures. 

See  Plate  XXXll.     Ckl.  No..  523. 

180 

FuumI  1856. 

Nelsoa  County,   Kentucky. 

175 

Iron.    Coarsest  octahedrite,  Ogg.    Large  scaling, 
slightly  oxidised.     Cat.  No.,^3, 

2a 

Large  jiolished  slab,  upon  which   coarse  Wid- 

mansiatien  figures  are  here  and  there  dimly 

outJined.     Cat.  No..  *88. 

4.Vi 

Found  ]872. 

n« 

Iron.     Hexahedrile,  H.     Cleavage  pieces.     Cat. 

No.  447. 

a.7 

Found  1897, 

Ness  County.  Kansas. 

177 

Stone.     Crvstalline  chondrite,  Ck.     Nearly  com- 

plex- individual.    Cat.  Na.,  mi. 

85 

Fell  IfiU), 

New  Concord,  Miiskinguai  Co.,  Ohio. 

178 

Mayl. 
12:6  P,  M. 

Sloiie.     Veined     inierniediate    chondrite.    Cia. 

Nearly  complete  individual  of  flattened,  tetra- 
hedral  form,  angles  hltle  rounded.    A  smooth, 

somewhat    shining,   black    crust    covers    the 

slightly  pitted  surface.      Interior  dark-gray, 

compact,   and   fine-grained.      Metallic  grains 

numerous.    Cat.  No..  273. 

347 

Section  from  flattened  individual,  showing  crust 
and  two  polished  surfaces.     The  crust  is  thin, 
dull-black  to  reddish.    A  vein  ol  metallic  mat 

ler  runs  through  the  mass,  and  stands  out  in 

relief  from  Uie  crust.     The  interior  of  the  gtone 

is  dark-brown  and  gray.    Metallic  grains  are 
large  and  abundant     Cat.  No,,  274. 

753 

Found  IB95, 

Oakley.  Logan  Co..  Kansas. 

179 

Stone.     Crystalline  chondrite,  Ck.    Polished  sec- 
tion. 5x14  cm-,  with    crust.    Firm    texture, 
black  color,  abundant  sprinkling  of  metallic 
grains,  resembling    Pipecreek  in  this  feature 
and  approadiing  a    mesosiderite.    Rounded 
spots  ,4  mm.  in  diameter  indicate  the   pres- 
ence of  chondri.     Crust  surface  rusted.     Cat. 

No.,  501.                     Gift  of  Prof.  H .  A.  Ward. 
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No. 
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Date 
of  Fall  or  Find. 


NAME  AND  DESCRIPTION. 


Weight 
in  grams. 


181 


182 


183 


184 


185 


186 


187 


Fell  1887, 
Aug.  30, 
3  P.M. 


Known  1856. 


Fell  1864. 
May  14, 
8  P.M. 


Fell  1868, 
July  11. 


Found  1895. 


Fell  1855, 
May  11, 
3:30  P.  M. 


Fell  1857, 
Feb.  28, 
Noon. 


Fell  1863, 
Aug.  8, 
1250  P.  M. 


Ochansk  (Tabory),  Gov.  Perm,  Russia. 
Stone.  Brecciated  spherical  chondrite,  Ccb. 
Fragment  with  crust.  The  latter  about  1  mm. 
thick,  dull-black  and  blebby.  Interior  of  stone 
light  bluish-gray.  Larj^ely  made  up  of  distinct 
chondri.  Small  metallic  grains  are  numerous. 
Cat.  No.,  335. 

Orange  River,  Garib,  South   Africa. 

Iron.    Medium  octahedrite,  Om.    Sawed  section 

with  natural  surface,  smooth  and  deeply  pitted. 

Cat.  No.,  71. 
Etched  slab,  showing    typical   Widmanstatten 

figures  and  nodule  of  troilite.    Cat.  No.,  72. 

Orgueil,  Dep.  Tarn  et  Garonne,  France. 

Stone.     Carbonaceous   chondrite,    K.      Coarse, 

black  powder,  soft  and  friable.    Cat.  No.,  282. 
Fragments  similar  to  No.  282,  some  of  them 

showing  crust.    Cat.  No.,  509. 

Omans,  Doubs,  France. 
Stone.      Spherical    chondrite,    ornansite.    Ceo. 
Frag^pent,  sawed  from  interior.    Resembles  a 
lump  of  hardened,  sandy  mud.     Cat.  No.,  294. 

Oscuro  Mountains,  Socorro  Co.,  New  Mexico. 
Iron.  Medium  octahedrite,  Om.  Etched  section 
with  crust.  Resembles  Mooranoppin.  Wid- 
manstatten figures  irregular.  Surface  spotted 
with  inclusions.  Crust  surface  jagged  and 
torn.  See  Plate  XXXII.    Cat.  No.,  457. 

Osel  (Kaande).  Island  of  Osel,  Livonia,  Russia. 
Stone.     White  chondrite,  Cw.     Fragments  with 
crust.    Interior  light-gray  with  rusty  and  bright 
metallic  grains.     Friable.    Crust  .5  mm.  thick, 
dull-black,  papillaied.    Cat.  No.,  264. 

Parnallee,  Madras,  India. 

Stone.  Veined  gray  chondrite,  Cga.  Fragment 
with  crust.  The  latter  is  thin,  brownish-black 
and  differs  little  from  the  rest  of  the  stone. 
The  interior  is  coarse-grained,  with  few  metal- 
lic grains.    Cat.  No.,  270. 

Fragment  with  crust,  one  surface  polished.  The 
polished  surface  is  mottled  with  gray  and  white 
chondri  of  various  sizes.  Large  grains  of 
troilite  are  visible  and  minute  nickel-iron 
grains.  This  meteorite  should  be  classed  as 
an  intermediate  chondrite.    Cat.  No.,  437. 

Piilistfer,  Livonia,  Russia.  • 
Stone.     Crystalline  chondrite,  Ck.      Fragment 
from  interior.    Dark-gray,  compact.    Made  up 
of  dark,  transparent  grains  with  a  large  num- 
ber of  minute  specks  of  troilite.    Cat.  No.,  279. 
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Fell  1819, 
Oct.  13, 
B  A.  M. 


N.AME  AND  DESCRIFIIO.N. 


iiidciaCo..  Texas. 
ijlone.      Crystalline    diondrite,    Ck,      Irregiilsr 
fragment,  with  one  polished  surface.     A  dark, 
heavy  stone,  with  a  large  proportion  of  metal- 
lic grains.    Cat.  No..  337. 

Pittsburg  (Miller's  Run),  Allegheny  Co.,    Penn- 

Irnn,  Hexahcdrite,  H.  Etched  fragment  with 
cruBt.  No  Widmanstallen  figures  are  visible. 
Cat.  No.,  i33. 

PloschkowlU,  Bun;lauer  District,  Bohemia. 
Stone.     Brecciated    spherical    chondrile,    Ccb. 
Oxidized  fragments  hearing  thin,  black  crust. 
Cat.  No,.  493.  v 

PollU,  near  Gera,  Reuss,  Germa  ny. 

Stone.  Veined  white  chondrile.  Cwa.  Fragment 
from  iiiteritir.  Uark-Erav.with  metallic  grains. 
Cat,  No..  236. 

Prairie  Dog  Creek,  Decatur  Co.,  Kansas. 
Sione.  Spherical  crystalline  diondrite,  Cck. 
Fragment  Irom  interior.  Texture  compact. 
Color  ruEiy>brown  with  shining.minute  metallic 
grains.  Adistinctchondnis,  1mm.  in  diameter, 
IS  almost  separated  from  the  mass.     Cat.  Nu., 


Ice,  Nowy,Gustk6wo,  etc..  Poland. 
Stone.    Veined  gray  choitdriie,  Cga,    Part  of  a 

large   individual,  showing  crust  and   interior. 

The  former,  dull-black,  papillated;  the  latter. 

erav  with  rustv  iron  grams.     All  fine-grained. 

Cat:  No..  289.  ' 
i9  complete  individuals,  varying  in  slie  from  a 

pea  to  a  walnut,    ^1  covered  more  or  less  with 

crust,  in  some  cases  showing  complete  fusion 

of  the  surface,  in  others  only  a  smoking  of  the 

same.     Cat,  No.,  290. 
Seven  complete  individuals  of  larger  site  than 

previous     specimens.      Covered    with    crust. 

Cat.  No,,  291-2, 


Puqulos,  Chile. 

Iron.  Medium  octahedrite,  Om.  Full-sized 
slab, etched.  Irregular  Widmanst3tten  tiKures 
are  dimlybroughtout  by  the  etching,  also  flakes 
of  schreiberslie.    Cat.  No.,  377. 
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Date 
No.     of  Fall  or  Find. 


196 


197 


198 


199 


200 


201 


202 


203 


204 


Found  1882. 


Found  1810. 


Found  1808. 


Found  1895. 


Fell  1828, 
June  4, 
8:30  A.  M. 


Found  1892. 


Found  1896. 


Found  1888. 


Fell  1898, 
Nov.  15, 
9:30  P.  M. 


NAME  AND  DESCRIPTION. 


Rancho  de  la  Pila,  Durango,  Mexico. 

Iron.  Medium  octahedrite,  Om.  Etched  slab, 
6.5x11  cm.  with  crust.  Exhibits  a  coarsely 
granular  structure,  but  no  octahedral  figures. 
There  are  numerous  partings,  some  of  which 
are  quite  open.    Cat.  No.,  521. 

Rasgata,  Zipaquira,  U.  S.  of  Colombia. 
Iron.    Nickel-poor  ataxite,  Nedagolla  group,  Dn. 
Thin,  polished  fragment.    Cat.  No.,  435. 

Red  River,  Texas.    (Gibbs  meteorite.) 
Iron.    Medium  octahedrite,  Om.    Chiseled  frag- 
ment, one  end  etched.    Symmetrical  Widman- 
statten  figures  are  shown.    Cat.  No.,  34. 

Reed  City,  Osceola  Co.,  Michigan. 
Iron.    Coarse  octahedrite,  Og.     Etched  section 
with    crust.      Shows    coarse  Widmanstatten 
figures  and  elongated  and  branching  inclusions 
ofschreibersite.    Cat.  No.,  560. 

Riclimond,  Henrico  Co.,  Virginia.' 
Stone.     Crystalline    spherical    chondrite,   Cck. 
Fragment  from  interior.    Composed  chiefly  of 
dark,  angular,  vitreous  and  coarse  metallic 
grains.    Cat.  No.,  239. 

Roebourne,  Queensland,  Australia. 
Iron.      Meoium    octahedrite,   Om.     Full-sized, 
etched  section,  22  x  10  cm.    Typical  octahedral 
•  figures  are  dimly  outlined.    Cat.  No.,  460. 

Sacramento  Mountains,  Eddy  Co.,  New  Mex- 
ico. 
Iron.  Medium  octahedrite,  Om.  Full-sized, 
etched  section,  12  x  40  cm.  Shows  typical,  well- 
defined  Widmanstatten  figures,  and  two  large 
nodules  of  troilite,one  of  the  latter  perforated. 
See  Plate  XXXVI.    Cat.  No.,  465. 

« 

Saint  Qenevieve  County,  Missouri. 

Iron.  Fine  octahedrite.  Of.  Thick  slab  12.5  x  9.5 
cm.,  etched.  Typical  octahedral  figures  of 
great  clearness  and  regularity  are  exhibited. 
There  are  two  small  inclusions  of  troilite. 

See  Plate  XXXVI.    Cat.  No., 512. 
Gift  of  Prof.  H.  A.  Ward. 

Saline,  Saline  Township,  Sheridan  Co.,  Kansas. 
Stone.  Crystalline  spherical  chondrite,  Cck. 
Larger  part  of  complete  individual.  Crust 
black,  with  metallic  points  and  one  large 
globule  of  metal.  Interior  compact,  greenish- 
black  in  color,  and  shows  abundant  metallic 
grains.  See  Plate  XXX.    Cat.  No.,  527. 


Weight 
in  gjams. 
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1,480 


2,330 


790 


19,500 


■  Museum— Gf.oi.oiiv,  Vol.  II. 


J   DEi^CKlfTlOS. 


Nearly  full-si«d  secllun,!:!  x  ITci 
pnlislied.    Metallic  grains  show  tendency 
arrangement  in  reins.    Uullini 
small  choniiri  are  dJBcernible. 

See  Plaie  XXXI.    Cat. 


V  tendency  ti 
s  of  abundan 


Kecogni7.ed 
1887, 


I  19e8, 
Sept.  H, 
2:30  A.  M. 


:l  1M46, 
Dec.  25. 
2;4.'j  P.  M. 


Sxn  Angelo,  Tom  Green  Co.,  Texas. 
Iron..      Medium  octahedrite,  Om.      Full-size 
eidied   section,    12  x  97   cm.     Shows   typic 
octahedral  ligures,wilh  circular  and  elongated 
inclusions   of    Iroiliie,   the    latter    often    dis- 
tributed in  a  vein-like  manner.     Cat.  No.,  418. 

San  Emlgdlo  Range,  .S»n  Bernardino  Co.,  Cal- 
ifornia. 
Stone.     Spherical  ehondrite.  Cc.    Thirteen  fr-ju- 
ments  from  interior,  one  bearing  crust.   R  u  " 
brown,   with   metallic   grains.      Crufit    hii 
Cat.  Nob..  446,451. 

Sao  Julilo  de  Moreira,  Minho,  Portugal. 

Iron.       Brecciated    he.iahedriie.    Hb.      Etched 
fragment,  with  crust.    Cat.  No.,  536. 

Full-siicd.  polished   section,  13x27   cm.,   with 
cruft.    Shows  cD.irse,  irrei;iilar  inclusion: 
schreibersite.  See  Plate  XXX IV.  Cat.  No..  556. 


with  crust  and  polished  surface.  Crust  Diactt 
and  shining,  about  1  mm.  m  thickness.  In- 
terior brownish -gniy.  wiili  sewered  metallic 
particles.    Cat.  No.,  295. 

Schonenberg,  Swabia,   B:ivaria. 

Stone.  Veined  white  ehondrite,  Cwa.  Fragment 
with  crust.  The  latter  is  thick,  somewhat 
shining  and  scoriaceous.  The  interior  is  dark- 
gray,  sliows  metallic  grains  and  light  and  dark 
chondri  and  is  traversed  bv  narrow,  branching 
veins  of  nickel-iron.     Cat.  No.,  254. 

ScotUvllle,  Allen  Co.,  Kentucky. 

on.  Hcxahedrile.  H.  Full-siied  slab,  12x  17 
cm.,  etched,  Contains  a  circular  nodule  <i 
troilite.  The  etched  surface  has  the  appear 
nnce  oF  a  network  o(  delicate,  straight  line 
overlaying  a  granular  base.     Cat.  No.,  91. 

Searsmont,  Waldo  Co.,  Maine. 
Stone.  Spherical  ehondrite,  Cc.  Fraement  frur 

interior.     Light-gray,     Cat.  No.,  302. 
Various   fraumenls   irom   interior.     LiRht-Kray, 

wiih  metallic  grains  of  silvery  lustre.     Clion- 

dritic  .structure.     Cat.  No,.  :303, 
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No. 

Date 
of  Fall  or  Find. 

NAME  AND  DESCRIPTION. 

Weight 
in  grams. 

Found  1847. 

Seelasgen,  Brandenburg.   Prussia. 

212 

Iron.    Coarsest  octahedrite,  Ogg.  Chiseled  frag- 
ment.   No  cleavage    structure  visible.    Cat. 

No.,  57. 

41.5 

Etched  slab,  containing  large  nodule  of  troilite. 

The  iron  is  seen  to  be  made  up  of  large  irreg- 

ular plates.    Cat.  No.,  375. 

12.5 

Fell  1773, 

Sena  (Sigena),  Aragon,  Spain. 

213 

Nov.  f  7, 

Stone.     Brecciated  gray  chondrite,  Cgb.     Frag- 

Midnight. 

ment   from  the   interior.     Compact,  mottled 
white,  gray,  and    brown    from    presence    of 

• 

chondri  and  rusty  metallic  grains.  Cat.  No.,  445. 

5.2 

Found  1850. 

Seneca  FalU,  Seneca  Co.,  New  York. 

214 

Iron.    Medium  octahedrite,  Om.    Sawed  section 
showing  natural  surface  and  fracture.    Octa- 
hedral  cleavage   very  distinct.    One  surface 
partially  etched,  bears  an  initial  of  the  name 
of  the  nrst  owner,  Mr.  L.  C.   Partridge.    Cat. 

No.,  00.        Loaned  by  Gen.  G.  Murray  Guion. 

300 

Fell  1865, 

Senhadja,  Aumale,  Algiers,  Africa. 

215 

Aug.  25, 

Stone.     Veined    white    chondrite,    Cwa.     Slice 

11  A.  M. 

from  interior.     Ash-gray,  few  metallic  grains. 

Chondritic  structure.    Cat.  No.,  283. 

1.5 

Fell  1794, 

Siena,  Tuscany,  Italy. 

216 

June  16, 

Stone.     Howarditic  chondrite,  Cho.    Fragments 

7  P.  M. 

from  interior.    Dark-gray,   with    no  metallic 

grains  visible.    Cat.  No.,  547. 

0.25 

Found  1887. 

Silver  Crown,  Laramie  Co.,  W  y  0  m  i  n  g. 

217 

Iron.     Coarse    octahedrite,   Og.      Etched    slab 
with  crust.   Structure  coarsely  crystalline,  with 
a  few  rectilinear  figures.    Lines  of  taenite  very 

distinct.    Cat.  No.,  130. 

71 

Found  1863. 

Smith's    Mountain,   Rockingham    Co.,    North 

218 

Carolina. 
Iron.     Fine  octahedrite,  Of.    Section  with  crust, 
etched.    Well  marked  WidmanstJitten  figures. 
Some  of  the  bands  are  of  oval  shape.    Cat. 

No.,  85. 

17 

Large  etched  section.    Cat.  No.,  452. 

231 

Found  1840. 

Smithviiie  (Caryfort),  Dekalb  Co.,  Tennessee. 

219 

Iron.    Coarse  octahedrite,  Og.    Thin   slab,  one 
surface  etched,  but  showing  no  WidmanstJit- 
ten   figures.    Troilite   nodules  and   flakes  of 
schreibersite  appear  on  the  etched  portion. 

Cat.  No.,  50. 

55 

Fell  1877, 

Sokotmnja,  near  Alexinac,  S  e  r  v  i  a. 

220 

Oct.  13, 

Stone.    Spherical  chondrite,  Cc.    Irregular  frag- 
ment of    light-gray    color,  showing    chondri. 

2  P.M. 

• 

some  of  which  are  2  mm.  in   diameter,  also 
grains  of  troilite  and  nickel-iron.     Friable. 

• 

Cat.  No.,  319. 

33 

No. 

Dale 
o(  Fall  or  Find. 

NAME  AND  DESCRIPTins 

InVrS^' 

Fell  1876. 

Stklldalen.  Sweden. 

221 

June  28, 

Slone-     Brccciated  gray  clioadrile,  Cgb.     Frag- 
ment wiih  crust.    The  Utterblack  and  shining. 

11:30  A.  M. 

Interior  o£  the  stone  dark-gray.    Cat.  No.,  315. 

3 

Interior      brownish-hlack.      Comjiact,      *itli 

numerous  metallic  grains.    There  seems  lo  be 

reason  in  duuUt  whether  this  specimen  is  really 

SiSlldalen.     Cat.  No.,  316. 

50 

Fell  1808, 

Stannem,  Muravi.i,  Austria. 

222 

May  22, 

Stone.     Eukrile,  Eu.      Fragment  from   interior, 

6  A.M. 

I.ight-gray.      Structure    coarse -granular,    not 

chondriiic.    Cat.  No..  22r3. 

7.5 

Fragment   with   crust;   the   laner   gkssy-black. 

veined.     Interior   gteenish-blacb,    breccialed. 

Showsone  largegraitiol troiliie.   Cat. No., 226. 

23Jj 

Fragment    from    iiiierlor,   similar   lo     No.  226. 

Cat.  So.,  227. 

1.5 

Found  is.'>8. 

SUunton,  Augusta  Co.,  Virginia. 

Lf..n.     Medium  oetahedrilc.  Dm.    Full-si/ed  slab. 

22:1 

12  X  23  cm.,  polished  and  etched.    Shows  tyn- 

o[  troilite.     The   latter  nearly  encloses  a  por- 

tion of  nickel  iron.    Cat.  No.,  79. 

1.596 

Slab  with  crust,  etched.    The  crystalline  plates 

have  an  ovoid  form,  and  intersect  very  irreg- 

ularly.   Cat.  No..  78. 

665 

Slab  with  crusi,  polished  and  etched  on  two  sur- 
faces.    Beautiful,  broad  and  distinct  Widman- 

st.itten  figures.    Cat.  Nil.,  80. 

100.5 

F(iuiid  1721. 

Stelnbach  (including  Riiiersgrbnl, Saxony,  G  e  r- 

224 

Iron-stone.    Siderophyr.  S.    Thin  slab, polished. 
The  si..ny  portion  exceeds  the  metallic.     Cat. 

No,,  16i. 

335 

Found  1861. 

Breitenhach. 
Thin,  polished  stab.     Resembles  the  Steinbach 
speCLmen  very  closely.    Cat.  No.,  169. 

I 

Fell  17r>3, 

Tabor  (Krawin),  Bohemia. 

225 

June  3, 

Si^'ne-     Brecciated   spherical    chondrite.    Ccb, 

a  P.  M. 

Fragment  from  interior.    Light-gray  witli  rusiy 

iron  spots.     Cat.  No.,  20». 

,06 

Found  1H5J. 

Tazewell.  Claiborne  Co..  Tennessee. 

226 

Iron-     Finest   uciahedrite,  Off.      Slab,   showing 
natural  and  etched  surface.    Cat.  No.,  61. 

17 

Found  I88«. 

Thunda,  Windorah,  Queensland,  Australia. 

227 

Irnn.    Medium ociahedrite. Om.  Sawedslab.one 
surface  etched.     Widraanslatten   figures   dis- 

liutt  and  regular.     Cat.  No.,  128. 

I'A 
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Date 
No.     of  Fall  or  Find. 


NAME  AND  DESCRIPTION. 


Weight 
in  ^rams. 


228 


Found  1784. 


Toluca*  Mexico. 

Iron.    Medium  octahedrite,  Om. 

Complete  individual.  Form  spheroidal.  Cat. 
No.,  7. 

Complete  individual.  Irregular  form.  Octahed- 
ral cleavage  well  exhibited.    Cat.  No.,  8. 

Complete  individual.  Spheroidal  form.  Cat. 
No.,  9. 

Complete  individual.  Shows  use  as  a  hammer. 
Cat.  No.,  10. 

Complete  individual.  Spheroidal  form.  Cat. 
No..  11. 

Spheroidal  individual,  with  one  etched  face 
showing  typical,  coarse  Widmanstatten  fig- 
ures and  nodules  of  troilite.    Cat.  No.,  12. 

Complete  individual,  showing  distinct  octahedral 
cleavage.    Cat.  No.,  13. 

Complete  mdividual.    Cat.  No.,  14. 

Crescent-shaped  mass,  with  surface  20  x  40  cm., 
etched.  Snows  coarse  Widmanstatten  figures 
and  nodules  of  troilite  of  various  shapes  and 
sizes.    Cat.  No.,  15. 

Similar  to  above  specimen,  but  smaller.  Sur- 
face 13x20  cm.    Cat.  No.,  16. 

Broken  fragment,  showing  well  developed 
cleavage  planes.    Cat.  No.,  17. 

Complete  individual.  Surface  pitted  and  cov- 
ered with  crust.    Cat.  No.,  18. 

Scalings  from  previous  specimen.    Cat.  no.,  19. 

Complete  individual.    Cat.  No.,  20. 

Complete  individual,  spheroidal.  Surface  very 
smooth.    Cat.  No.,  21. 

Complete  individual,  hemispheroidal.  Cleavage 
planes  well  marked.    Cat.  No.,  22. 

Complete  individual,  hemispheroidal.  Shallow 
pits  appear  on  the  surface.    Cat.  No.,  23. 

Complete  individual,  spheroidal.  Surface  smooth 
and  pitted.    Cat.  No.,  24. 

Etchea  section,  18  x  22  cm.  The  Widmanstatten 
figures  are  very  distinct  and  regular.  Nodules 
of  troilite  of  various  shapes  are  included. 
Cat.  No.,  25. 

Like  previous  specimen,  but  Widmanstatten 
figures  less  distinct.  Surface  21  x  38  cm.  Cat. 
No.,  26. 

Complete  individual,  crescentic  in  form.  Shows 
strong  tendency  to  scaling  and  decomposition. 
Drops  of  lawrencite  appear  on  the  surface. 
Cat.  No.,  27. 

Section  of  flattened  individual,  with  etched  sur- 
face, 17x17  cm.  The  latter  shows  coarse, 
well-marked  Widmanstatten  figures  and  sev- 
eral irregular  nodules  of  troilite.  Natural  sur- 
face deeply  pitted.    Cat.  No.,  370. 

Full-sized  slab,  10x21  cm.,  etclied.  Shows  the 
usual  Widmanstatten  figures  and  coarse,  vein- 
like masses  of  troilite.    Cat.  No.,  371. 

Complete  individual,  showing  pittings  and  nat- 
ural surface.    Form,  pyramidal.    (Tat.  No.,  372. 
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AND  DESCRIPTION. 


CrjiiiTileie  individual.  Small  surface  etche.l 
Cat.  No..  45J. 

Tombigbee  River,  Chocinw  and  Sumier  Coun' 
Alabama. 
Won.    A[axiie,  D.   While  Berwerlh  classiAes  iliis 

iron  as  an  nlaxite  the   structure   is   in   m 
ways  cubic.    The  analysis  does  not  quite 
curd  with  those  (if  cubic  irons  however,  ai 
new  analvsis  Is  desirable. 
Fichcd  section  lOxU  cm.,  with  crust.    Shows 

angles.  There  are  numerous  irreRuTar  inclu- 
sions of  schreibersite  of  nickel-white  color. 
Cat.  No..  504. 

Found  1BS3-4  Tomhannock  Creek.  Rensselaer  Co..  N  e  w  Y  o  r  k. 

Stone.  Brecciated  gray  chondriie,  Cgb.  Frag- 
ment  [ram  interior,  polished.  Made  up  chietly 
of  meiallic  grains,  and  a  dark  brown,  chryso- 
lite-like rnincral.    Cat.  No.,  280. 

Slice,  showing  crust.  Interior  portion  like  pre- 
vious specimen.    Cat.  No.,  2Sl 

Ton^noxie,  Leavenworth  Co.,  Kansas. 

Ifi-n-    Medium    octahedriie,    Oin.      Full-siwd, 
eiclied  section  8x12  cm.,  with  crust.     Sh 
typical  octahedral  ligurcs  with  small  troilit< 
elusions  bordered  by  kamacile.    Cat.  No.,4T7. 

Fell  1863,         Tourlnnes-la-arasse,  Belgium. 

Dec.  7,  Stone.    White  chondriie.  Civ.    Fragmeni  Irom 

II  -A';  M.  interior.      Liehi-gray,    with    minute    metallic 

frain".     Outlines  of  chondri  not   discernible, 
riable.    Cat.  No.,  486. 


ingles  ol  ^■'. 

Trenzano,  near  Brescia,  Italy. 

Stone  Veined  spherical  chondriie.  Cca.  Cubi- 
cal fraemenl,  with  crust  on  two  surfaces.  The 
latter  shinin^.black.only  slightly  pitted, 3  mm. 
thick.  Interior  very  compact,  c Da rse-g rained, 
the  metallic  portion  forming  a  network  which 
encloses  darlc,  spherical  chondri,  s 
diameter  of  2  mm.    Cat.  No..  268. 

Smaller  fragiQent,  like  previous  spec  in 


Tucson,  Pima  Co.,  Ar 

lion.    Nickel-rich    a 

Kiched  fragment 

appearance  of  this 


Muchachos  group, 
ng  typical  stippled 
Cat.  No.,  59. 
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No. 


236 


Date 
of  Fall  or  Find. 


Fell  1884, 
May  20, 
8:30  P.  M. 


Found  1853. 


237 


238 


239 


240 


241 


242 


Recognized 
1861. 


Fell  1880, 
May  1-15. 


Fell  1831, 
May  13. 


Found  1874. 


Fell  1877, 
Jan.  3, 
7:15  A.  M. 


NAME  AND  DESCRIPTION. 


Tysnes,  Tysnes  Island,  Norway. 
Stone.  Brecciated  intermediate  chondrite,  Gib. 
Fragment  from  interior.  Texture  compact 
and  firm.  Color  grayish-brown,  mottled  with 
white  and  gray.  There  are  also  angular  inclu- 
sions of  a  lighter  color.  This  stone  would 
seem  to  be  an  intermediate  chondrite,  rather 
than  a  gray  chondrite,  as  it  is  usually  desig- 
nated.   Cat.  No.,  543. 

Union  County «  Georgia. 

Iron.  Coarsest  octahedrite,  Ogg.  Cleavage 
fragments  with  surface  considerably  oxi- 
dized.   Cat.  No.,  63. 

Vaca  Muerta  (Sierra  de  Chaco),  Chile. 

Iron-stone.  Mesusiderite,  M.  Fragment  with 
crust.  Structure  fine-granular,  with  metallic 
and  non  metallic  minerals  about  equally  dis- 
tributed    Cat.  No.,  170. 

Similar  to  No.  170,  except  that  the  surface  ap- 
pears glazed  and  shines  in  iridescent  colors. 
Cat.  No.,  171. 


Veramin,  Teheran,   Persia. 
Iron-sione.     Mesosiderite,  M. 
interior.    Cat.  No.,  495. 


Fragment   from 


Vouille,  near  Poitiers,  Dep.  Vienne,   France. 

Stone.  Veined  intermediate  cliondrite,  Cia. 
Fragment  with  crust.  Interior  gray,  compact, 
flecked  with  rusty  iron  grains.  Several  deli- 
cate black  veins  traverse  the  specimen.  Cat. 
No..  242. 

Thin  chip,  polished.  Well-marked  chondri 
make  up  the  larger  part  of  the  mass.  Fine 
metallic  grains  are  numerous.    Cat.  No.,  24)1 

Waconda,  Mitchell  Co.,  Kansas. 

Stone.  Brecciated  spherical  chondrite,  Ccb. 
Mass  from  interior.  For  the  most  part  light- 
gray  in  color,  the  remaining  portion  harder 
ancl  darker.  Large  chondri  are  visible  in  the 
latter  portion.    Cat.  No.,  309. 

Fragment  with  crust.  The  latter  tliin,  dull- 
black,  blebby.  A  dark  vein  passes  through  a 
portion  of  the  specimen.    Cat.  No  ,  310. 

Fragment  from  interior.  Much  weathered. 
Cat.  No.,  311. 

Wajrenton,  Warren  Co.,  Missouri. 
Stone.     Spherical     chondrite,    ornansite,    Ceo. 
Fragment  from  interior.     Resembles  a  piece 
of  hardened,  sandy  mud  or  bhie  clay,  with  a 
few  metallic  grains  visible.    Cat.  No.,  317. 


Weight 
m  i^rams. 


28 


1.5 


17.5 
14.5 


8 


r)3 


3 


2,835 


125 


i).;i 


o 
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So. 

Dais 
of  F«!]  or  Kind 

N.UIE  AND  DESCRIPTION. 

"S^uT" 

Found  1888. 

Welland.  Ontario,  Canada. 

243 

Iron-     Medium  octahedritc.  Om.    Seginenl,  llj 
X  7.5  cm.,  showing  eiched  and  natural  surfaces. 
WidmanstBttcn   figures  distinct  and  regular. 

Scattered  grains  of  tniiliie  are   present.    A 

marked  lendeitcy  to   octahedral   cleavage   is 

apparent.    Cat.  No..  132, 

715.^ 

Fell  l»n. 

Weston,  Fairfield  Co..  C o n  n e c t i c tit. 

244 

Dec.  H. 

R;30  A.  M, 

Stone.      Brecciated    spherical    chondrile.    Ccb. 
Fragment  with   crust.    The   latter  thin,  dull- 
black.    Interior   divided  into  yellowish  and 

bluish-gray    portions   distinctly   separated    in 

outline  and  color.    The  cbondri,  of  which  the 

mass  is  largely  made  up,  give  it  the  appear- 
ance of  a  line  conglomerate.    Cat.  No.,  234. 

«»^ 

Small  fragment.    Cat.  No.,  223. 

3.S 

Knowu  183B. 

Wkhlu  County.  Texas. 

215 

Iron.    Coarse  octahedrite.  Og.    Etched  section. 
18  X  27  cm.    Shows  coarse  Widmanstatlen  fig- 

1 

ures,  nodules  of  trdllie  and  scattered  flakes  nl 

schrclbersiie.    Cat.  No..  4L 

i,at»*5 

Fell  nita, 

WoM  Cottsge,  Yorkshire.  England. 

2^6 

I>ec,  13, 

Stone.   Veined  white  chondriie,  Cwa.  Three  pol- 

3:30 P.  M. 

ished   chips,   showing  chondri    and    metallic 

gr,niiis.  Iwih  coarse  and  fine.    Cat  No.,  215. 

s 

Recogniied 

Wooster.  \Va  yne  Co.,  Ohio. 

217 

1858. 

Iron.    Medium  octahedrite,  Om.    Etched  frag- 

ment, showing  typical  octahedral  figures.    Cat. 
No.,  491. 

3-v 

Fell  1852, 

YMoor.  ne^ir  Ncllorc.  Madras,  1  n  .1  i .-.. 

24B 

Jan.  23, 

Stone.      Spherical    chondriie.   Cc.      FraKments 
from  interior.    Gray,  with  dark  chondri  and 

1:30  P.  M. 

rusty  iron  grains.    Cat.  No.,  K9, 

1 

Found  1894, 

Youndegln.  Western   Australia. 

249 

Iron.     Coarse  octahedrite.  Og.     Full-sized,  elon- 
gated slab,  10  X  27  cm.,  showing  pittings,  crust, 
polished  and  etched  surface.    The  Widman- 

statlen figures  are  coarse,  many  of  the  plates 

being  1,5-2  cm.  in   thickness.     They  are  also 

crossed  by  a  series  of  liner  plates  nearly  at 

right  angles.    Troilite  and  schreibersite  are 

present.      See  Plate  XXXVIl.     Cat.  No  ,  119. 

i,ot*  •* 

Recneniied 

Zacatecas,  Mexico. 

260 

1792. 

Iron.     Brecciated  octahedrite.  Obi.    Thin  frag- 

ment,   etched.     No    Widraansltttten    figures. 

-^  -r 

Cat.  No..  28. 

t^^- 

Fell  1897, 

Zavid,  Bosnia. 

261 

10  J»  A.  M. 

Slone.     Brecciated  gray  chondrile,  Cgb,     Frag- 

ment from  interior  of  uniform  pray  color,  with 

minute,  shining  metallic  grains.  Texture  rather 
tirm.     One   surface   is   slickensided   and   evi- 

dences of  brecciation  are  seen  in  other  por- 

-^  r^ 

tions.     Cat.  No.,  548. 

2.^' 

Total  number  falls  and  finds         -          251 

Total  weight  of  collectior,         -        2,28fi,7B6  grams 

-- 

1 


TERRESTRIAL  NICKEL-IRONS. 

The  following  Terrestrial  Nickel-Irons  are  catalogued  with  the  collection 
because  of  their  relation  in  composition  to  iron  meteorites. 


Date 
of  Fall  or  Find. 


Described 
1885. 

Described 
1892. 

Found  1870. 


Known  1873. 


NAME  AND  DESCRIPTION. 


Qorge  River,  Awarua  Bay,  New  Zealand. 
Sand,  containing  awaruite.     Cat.  No.,  361. 

Josephine  and  Jaclcson  Counties,  Oregon. 
Josephinite  pebble.    Cat.  No.,  367. 

Ovifaic,  Disko  Island,  Greenland. 
Crescentic  mass,  one  surface  showing  polished, 

homogeneous  metal.    Cat  No.,  357. 
Hemispiierical  mass,  one  surface  polished.   Cat. 

No.,  358. 
Like  no  358.    Cat.  No.,  359. 

Santa  Catharina,  Rio  San  Francisco  do  Sul, 
Brazil. 

The  origin  of  this  iron  is  still  in  doubt,  but  to 
the  writer  it  seems  more  anomalous  as  a 
meteoric  than  as  a  terrestrial  iron,  ^t  seems 
desirable  to  class  as  meteorites  only  those 
known  to  be  such,  and  hence,  until  confirma- 
tion of  the  meteoric  character  of  this  iron  can 
be  obtained,  it  may  well  be  classed  as  terres- 
trial. \ 

Spheroidal  mass,  having  the  well-known  limo- 
nite-yellow  color  of  the  Santa  Catharina  iron. 
More  or  less  honey-combed  by  decay.  Cat. 
No.,  97. 

Similar  to  previous  specimen  except  that  one 
surface  is  polished,  showing  a  compact  metal- 
loid interior.    Cat.  No.,  99. 

Similar  to  No.  97.    Cat.  No..  100. 

Similar  to  No.  97.    Cat.  No.,  103. 

Mass  only  slightly  altered,  of  iron-black  color 
and  metallic  lustre.    Cat.  No.,  98. 

A  number  of  fragments  of  various  sizes,  appar- 
ently altered  to  limonite.    Cat.  No.,  101. 

Similar  to  No.  97.    Cat.  No.,  102. 

Similar  to  No.  97.    Cat.  No.,  104. 

Similar  to  No.  97.    Cat.  No.,  105. 

Similar  to  No.  97.    Cat.  No.,  106. 

Similar  to  No.  97.    Cat.  No.,  107. 

Similar  to  No.  97.    Cat.  No.,  108. 


Weight 
in  grams. 


50 
1 


11,000 

1,038 
861 


217 


921 
2,r)79 
4,252 

261 

1,814 
766 

3,344 
10,884 
11,576 

3,174 

1,577 
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CASTS   OF   METEORlThs. 


i 


About  70  casts  or  models  of  meteorites,  illustraling  the  size,  form 
1  superricial  appearance  of  original  masses,  belong  to  the  collection. 

The  following  is  a  list : 


Akbiirpoor,  India,. 

Algouia,  Wisconsin  .. . 
Habb's  Mill,  Tennessee  . 
Bath  Furnace,  Kentucky 
Barranca  Blanca,  Cliile 
Bella  Roca,  Mexico  ... . 
Bluff,  Fayette  Co.,  Texas. 

Braunau,  Bohemia 

Brenhnm,  Kiowa  Co.,  Kan 
Buslee.  India.    --  -    


India 


Butsura.  India,  5  kg 

Butsura,  India,  [51  gr  .  ... 

Butsura,  India.  9  kg      . . 

Butsura,  India,  4  kg.  . 

Cabin  Creek,  Arkansas  --,, 

Carlton,  Texas . 

Charlotte,  Tennessee  ._ 

Chupaderos,  Chihuahua,  Mexico,  14,114  kg. 
Chupaderos.  Chihuahua,  Mexico,  6,767  kg." 


Cle> 


stand,  East  Ter 


Concepcion,  Chihuahua,  Mexico,  3,325  kg. 
Crab  Orchard,  Tennessee — 


No. 


Mass  No.  3 

Cronstadt,  Orange  Free  State,  South  Al 

DeCewsville,  Canada - 

Descubridora,  Catorze,  Mexico,  (2)  575 

Durala,  India -  -    . . , 

Farmington,  Washington  Co.,  Kansas.. 


383 

5  66 
466 


-387 
398 


398b 
398c 
3<,8d 


479 
4*6 
382 
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a  Mountain,  New  Mexico Cat.  No. 

ra,  India  (2) 

Divina,  Hungary -  -  . . .    

iver,  South  Africa 

tead,  Iowa _ 

fountains,  Servia 

India 

ight  Mountain,  Arkansas 

Chile - - - 

1  County,  Kentucky  —  . . . 

^ur,  India 

d,  Griqualand,  South  Africa  -    

iberg,  Bavaria - 

litas,  Chile 

I,  Oaxaca,  Mexico,  42 1  kg. .  . 

)lla,  India 

Arabia 

Dncord,  Ohio -    - 

Lirchen,  Germany     .      . .  ^ 

ee,  India . .      

s,  Chile - 

)  de  la  Pila  (Cacaria),  Durango,  Mexico  - 

1,  England 

Township,  Sheridan  Co.,  Kansas  .    . 

egorio.  Chihuahua,  Mexico,  11,000  kg.      .. . 

I,  Russia - 

ille,  Allen  Co.,  Kentucky . .    

ie,  India  (5)- - -...--- 

)n,  Virginia 

ich,  Bohemia - 

;e,  India 

a,  Chile -  - 

d,  Canada 

le  Udinsk,  Siberia 

a  County,  Texas 

Cottage,  England - 

,  India 

2as,  Mexico,  780  kg. 


,408 
402 

385 

406 
404 
476 

472 
407 
400 

417 

395 
429 

403 

399 
428 

473 
468 

396 

474 

393 
409 

420 

475 

525 
424 

391 
401 

390 

394 

397 
467 

377 
416 

392 
384 
381 
389 
427 


A 


MICRO-SECTIONS. 


Thin  sections  available  for  microscopic  sUidv  are  possessed  of  the  1 
following  falls: 

Aussun,  Breniervorde,  Crab  Orchard,  Farmington,  Forest  City, 
Homestead  (3),  Kernouve.  Kesen,  Knyahinya,  L'Aigie,  Long  Island  (5). 
Mocs,  Ness  County,  New  Concord,  Oakley,  Parnallee,  Pultusk,  Sauguis, 
Simbirsk  and  Stannern.  ' 


I 


r 


-<  *f^; 


^m^ 


tu  ^^-^y- 


K-^-i 


%?iJ 


mm 


p 


i 


{ 


i 


\' 


I 


r\ 
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ON    THE    OSTEOLOGY   OF   NYCTOSAURUS  (NYCTODAC- 
TYLUS),  WITH  NOTES  ON  AMERICAN  PTEROSAURS. 


BY  SAMUEL  W.  WILLISTON. 


In  previous  papers*  I  have  given  a  summary  of  the  principal  characters 
of  the  genus  Nyctosauru5^\  with  more  or  less  complete  descriptions  of  cer- 
tain parts  of  the  skeleton.  In  the  present  paper  I  give  a  more  detailed 
description  of  the  skeleton,  based  upon  the  unusually  well-preserved  and 
nearly  complete  specimen  collected  by  Mr.  H.  T%  Martin,  together  with 
some  remarks  upon  the  relationships  and  habits  of  the  American 
pterosaurs,  and  the  description  of  a  new  genus  and  species  from  the 
Lower  Cretaceous  of  Kansas. 

The  specimen  herewith  described  is  of  unusual  importance,  as  throw- 
ing much  light  upon  the  structure,  not  only  of  the  American  pterodactyls, 
but  also  upon  certain  characters  of  the  European  ones.  It  is,  I  believe, 
for  purposes  of  study  the  most  complete  specimen  of  this  order  of  reptiles 
now  known,  comprising  as  it  does  nearly  every  bone  in  the  skeleton,  for 
the  most  part  associated  in  their  natural  relations.  The  specimen  now 
forms  a  part  of  the  collections  of  the  Field  Columbian  Museum. 

SKULL. 

A  full  description,  with  illustrations,  of  the  skull  has  been  given  in  the 
Journal  of  Geology,  vol.  x,  1902,  p.  520.  I  give  herewith  illustrations 
of  the  mandible,  not  there  figured.  A  careful  measurement  of  the 
sides  of  this  bone  a  little  in  front  of  the  posterior  end  of  the  symphysis, 
where  they  are  the  broadest,  obtained  by  measuring  each  fractured  portion, 
gives  a  width  for  each  side  of  twenty-four  millimeters.  The  correspond- 
ing width  of  the  palate  is  twenty-eight  millimeters.  This  would  give,  as 
the  greatest  depth  of  the  mandible,  near  the  end  of  the  symphysis, 
about  twenty  millimeters. 

*  Kansas  University  Quarterly,  vol.  i.  p.  5,  1892. 

American  Journal  of  Anatomy,  vol.  i,  p.  297,  190a. 

Journal  of  Geology,  vol.  x,  p.  S20,  1Q02. 

Text  Book  of  Paleontology,  Zittel  (Eastman),  vol.  ii,  p.  255,  f.  561. 

fThis  genus  has  generally  been  known  as  Nyctodaciylus.  (See  synonymy  beyond.)  Marsh 
changed  the  name  because  of  the  supposed  preoccupation  of  the  name  Nyctosaurus.  In  this  he 
was  not  justified.  The  name  has  never  been  used  otherwise  for  a  genus  of  animals.  Doubtless  he 
thought  the  term  conflicted  with  Nyctisauria,  used  for  a  group  of  sauria.  It  does  not,  however, 
according  to  the  accepted  canons  of  nomenclature,  and  the  original  name  should  not  be  displaced. 

Field  Col.  Mus.,  Geol.  Ser.,  Vol.  II,  No.  3. 


26  Field  Columbiak  Museum — Geology,  Vol.  II. 


MEASUREMENTS  OF  MANDIBLE. 

Length,  as  preserved - 

Lengths  of  rami  to  hind  margin  oE  floor 

Width  between  condyles 


39 


H  VOIDS. 

Two  slender,  cylindrical,  gently  curved  bones,  about  thirty  millime- 
ters in  length,  were  found  lying  side  by  side  beneath  the  anterior  part  of 
the  skull.  They  are  sufficiently  well  shown  in  Plate  I  of  the  paper  cited 
in  the  Journal  of  Geology.  Lying  near  the  occiput  in  the  same  plate,  is 
seen  a  small,  triangular,  or  V-shaped  bone  which  I  then  thought  might  be 
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a  proatlas,  said  by  Zittel  to  occur  in  the  pterodactyls,  but  of  which  there  is 
no  other  evidence  in  this  specimen.  Since  the  removal  of  this  bone  from 
the  matrix,  it  seems  quite  surely  to  be,  rather,  the  anterior,  median  element 
of  the  hyoidean  apparatus.  One  view,  which  I  take  to  be  the  superior, 
is  shown  in  PI.  XLI,  Fig.  6,  three  times  the  natural  size,  and,  in  Fig.  7  of 
the  same  plate,  is  shown  one  of  the  articular  extremities  (a)  from  the  side, 
much  more  enlarged.  The  bone  is  nearly  flat,  with  the  pointed  extremity 
curved  upward,  and  with  the  two  articular  extremities  much  more 
massive  than  the  remainder  of  the  bone;  they  are  also  directed  upward. 
Each  has  a  smooth,  synovial  articular  surface,  doubtless  for  the  articula- 
tion of  the  cylindrical  rods.  On  the  opposite  surface,  near  the  articula- 
tions, there  is  a  slight  longitudinal  ridge,  and  near  the  middle  of  the 
bone  on  each  side,  there  is  an  elongated,  oval  surface,  apparently  for 
muscular  attachment.  The  slender  rods  seem  to  agree  quite  with  the 
hyoidean  bones  of  other  pterodactyls,  but  I  cannot  find  that  the  triangu- 
lar bone  has  ever  been  described. 

VERTEBRAE. 

Seven  has  usually  been  accepted  as  the  number  of  vertebrae  in  the 
neck  of  pterodactyls.  If,  however,  we  consider  that  vertebra  which 
bears  the  first  rib  articulating  with  the  sternum  to  be  the  first  dorsal, 
then  I  believe  that  the  prevailing  number  of  cervicals  in  pterodactyls 
is  eight.  Fiirbringer  has  already  expressed  the  opinion  that  there  are 
eight  vertebrae  instead  of  seven:*  "Falls  die  Patagiosaurier  zum  Theil 
nur  sieben  Halswirbel  besitzen,  wie  algemein  behauptet  wird,  aber 
meines  Erachtens  erst  noch  zu  erweisen  ist,  so  wdre  eventuell  anzu- 
nehmen,  das  dieselben  durch  eine  geringgradige,  kranial  gerichtete 
VVanderung  der  vorderen  Extremitat  ihren  urspriinglich  aus  acht 
Wirbeln  bestehenden  Hals  um  einen  in  das  thorakale  Gebiet  uberge- 
henden  Wirbel  verkiirzten."  He  further  expressed  the  opinion  that 
the  vertebra  which  I  had  considered  to  be  the  first  dorsal  in  Pteranodon 
was  really  the  eighth  cervical.  In  a  later  paper  I  stated  that  the  eighth 
vertebra  in  the  neck  of  Nyctosaurus  was  a  functional  cervical,  though  a 
structural  dorsal.  ...  I  have  usually  assigned  this  vertebra  to  the  dorsal 
series  because  of  its  great  structural  differences  from  the  anterior  cervicals; 
but  these  differences  are  scarcely  greater  than  those  of  the  last  cervical  in 
the  turtles.  Owenf  correctly  located  it  in  the  neck.  In  his  description 
of  this  vertebra  in  Dimorphodon  he  says:  "  At  the  base  of  the  neck  or  the 
beginning  of  the  back,  the  vertebrae  suddenly  decrease  in  length;  the 
hypapophysis  disappears,  or  is  represented  only  by  a  slight  projection  of 

*  Jena.    Zeitschr.  f.  Naturwissenchaft,  vol.  xxxiv,  p.  66s,  1900. 
tPaleontograph.  Soc,  1869,  p.  6g. 
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the  lower  border  of  the  anterior  cup;  parapophyses  [i.  e.,  exapophyses]  are 
less  produced.  The  lower  surface  of  the  centrum  is  flaiiencd  and  quad- 
rate in  form.  The  parapophysis,  diapophysis  and  rudimectal  rib  coalesce 
around  the  vertebrarterial  canal;  an  oblique  ridge  is  continued  from  the 
anterior  zygapophysis  downward  and  outward  upcn  the  pleurapophvsis 
and  behind  the  zygapophysis.  Above  these  developments  the  neural  arch 
contracts  from  before  backward  to  an  extent  of  live  lines,  compared  with 
a  total  vertebral  breadth  anteriorly  of  one  inch,  eight  lines;  it  then  rapidlv 
expands,  rising  vertically  at  its  fore  part,  and  developing  at  its  back 
part  the  posterior  zygapophysis,  the  articular  facets  of  which  look  more 
directly  outward  than  in  the  long  cervical  vertebrce:  the  superincumbent 
tubercle  is  more  distinct  from  the  facet;  the  posterior  zygapophyses  are 
also  much  more  approximated  than  in  those  verlebrx." 

It  would  seem  evident  from  this  description,  which  applies  in  the  main 
to  the  corresponding  vertebra  of  the  Kansas  forms,  that  the  eighth  post- 
cranial  vertebra  is  really  a  cervical.  Certainly  we  can  hardly  put  a 
vertebra  with  rudimentary  ribs  at  the  beginning  of  the  dorsal  series! 
Owen  afterwards  ascribed  eight  vertebrae  to  the  neck,  or  seven,  counting 
the  united  axis  and  atlas  as  one.  Quenstedt,  also,  in  1S55,  gave  the  num- 
ber as  eight.  0.  Fraas  (Paleontographica,  1878,  p.  t66)  found  eight 
vertebrse  in  the  neck  of  Pterodactylus  suevUus,  but  mistook  the  third  for 
the  axis,  thus  counting  only  seven. 

In  my  earliest  paper"  on  Nyetosaurus  I  said:  "The  centra  of  twelve 
vertebrje  are  preserved  from  the  region  back  of  the  neck.  Three  of  these 
are  evidently  anterior  thoracic,  judging  from  their  structure  and  the  posi- 
tion in  which  they  lie.  The  shortest  of  them,  to  which  was  attached  a 
very  large  rib,  and  which  was  lying  in  front  of  the  scapula,  may  represent 
the  first  thoracic  vertebra."  This  specimen  I  have  figured  in  PI.  XLIII, 
Fig.  7,  of  the  present  paper.  The  specimen  is  fortunately  preserved  with 
little  or  no  distortion,  though  a  part  of  the  spine  is  wanting.  As  seen 
from  the  front  (the  view  figured),  the  transverse,  shallowly  concave  cup  is 
straight  or  gently  concave  on  its  upper  margin,  and  convex  below.  Aris- 
ing from  the  front  end  of  the  centrum  there  is,  on  each  side,  a  very  stout 
parapophysis,  with  which  the  head  of  the  rib  referred  to  was  in  apposi- 
tion. On  the  anterior  side  of  this  process,  and  continuous,  or  nearly  so, 
with  the  outer  side  of  the  cup,  there  is  an  oval,  convex  articular  surface 
for  union  with  the  exapophyiis.  Above  this  process,  separated  by  a 
notch,  there  is  a  long,  flattened  diapophysis,  for  articulation  with  the 
well-developed  tubercle  of  the  rib.  The  anterior  zygapophyses  are  much 
more  approximated  than  in  the  long  cervical  verlerbrie.     Their  articular 

•Kanias  University  Quarledv,  vol.  i,  p.  g. 
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surface  is  oval,  the  plane  of  each  nearly  at  right  angles  with  that  of  its  mate. 
The  spine  is  broad  and  transverse;  from  the  front  it  presents  a  median 
ridge.  On  the  under  side  the  centrum  is  Hat,  the  flatness  reaching  nearly 
to  the  extremity  of  the  parapophysis ;  the  width  is  considerably  greater 
than  the  length.  The  posterior  surface  of  the  centrum  in  this  specimen 
is  distinctly  roughened;  for  sutural  union  with  the  following  centrum;  the 
posterior  zygapophyses  also  unite  with  the  succeeding  ones  suturally. 
This  vertebra  is  very  clearly  the  first  of  the  notarium,  as  Seeley  has  hap- 
pily called  the  united  dorsal  vertebrae.  "  Two  other  vertebrae  found  close 
by  the  one  described,  and  possibly  one  or  the  other  contiguous  with  it, 
differ  remarkably  in  having  no  or  a  rudamentary  parapophysial  process, 
and  in  having  the diapophysis  much  shorter."  "In  Pteranodon  there  are 
at  least  four  vertebrae  with  dia-  and  parapophyses."  "  In  two  other 
centra  there  is  a  long,  recurved,  parapophysial  process,  as  though  formed 
by  an  anchylosed  rib,  on  each  side;  they  are  probably  lumbar  vertebrae." 
It  is  very  clear,  however,  that  these  last  two  vertebrae  are  not  lumbars,  but 
separated  elements  of  the  notarium.  Of  the  two  other  vertebrae  men- 
tioned, one  is  probably  the  eighth  cervical,  described  below,  while  the 
other  may  be  the  fourth  dorsal. 

In  Pteranodon^  I  thought  there  might  be  two  vertebrae  intervening 
between  the  elongated  cervicals  and  the  notarium.  "  The  centrum  is  short 
and  broad,  so  different  from  the  preceding  one  that  it  is  possible  there 
may  be  an  intervening  one  lost.  The  ball  is  more  than  four  times  as 
broad  as  high,  concave  on  the  upper  margin,  convex  below.  The  post- 
exapophyses  are  large,  and  confluent  with  the  articular  faces  of  the  ball, 
but  are  concave.  The  convex  pre-exapophyses,  at  the  outer  side  of  the 
cup  are  at  the  base  of  the  lower  root  (that  is  the  parapophysis)  of  the 
elongated  transverse  process."*  This  vertebra  corresponds  with  the 
eighth  post-cranial  vertebra  of  the  present  specimen,  but  an  '*  imperfect 
vertebra,  evidently  following  the  one  described,  has  the  centrum  very  simi- 
lar, save  that  the  spine  appears  to  be  less  stout."  I  cannot  at  the  present 
time  examine  this  specimen,  but  it  is  probable  that  it  is  the  first  separated 
vertebra  of  the  notarium. 

From  the  foregoing,  then,  it  seems  assured  that  there  is  a  free,  short 
vertebra  in  front  of  the  notarium,  in  both  Pteranodon  and  Nyctosaurus, 
bearing  a  free,  small  rib,  which  does  not  unite  with  the  sternum.  This  ver- 
tebra is  the  eighth  cervical,  and  is  probably  present  in  all  pterodactyls.  It 
is  strange  that  authors,  in  the  description  of  the  neck  bones  of  the  ptero- 
dactyls should  have  so  often  spoken  of  the  united  atlas  and  axis  as  one 
vertebra,  thus  reckoning  seven  instead  of  eight  vertebrae  in  this  part  of  the 

*  WillistOD,  Kansas  University  Quarterly,  vol.  vi,  p.  40. 
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column.  VoQ  Ammon*  thus  describes  the  neck  verlebrse  of  Hhamphor- 
kynchus  hngicaiidatus  : 

"  Es  sind  sieben  Halswirbel  vorhanden.  Atlas  and  Epistropheus 
werden  hierbei  als  ein  VVirbel  gerechnet.  Beide  miteioander  ziisarn- 
menhangen,  ihre  Gliederung  und  Form  sind  undeutlich;  die  Knochen 
sind  durch  spAthige  Masse  eDtstellt.  Es  folgen  nun  nach  riickwarts  fiinf 
gleichgestaltete,  deutlich  von  einander  abgegrcnzte  Wirbel,  dann  kommt 
(der  VII  in  der  Reihe)  ein  von  diesen  etwas  verschieden  aussehender, 
wcil  andera  gestellte  Wirbel  der  den  abschluss  des  Halses  bildet;  der 
unter  letztereiu  befindliche  Wirbel  (der  achte,  (in  reality  the  ninth]) 
besitzt  bereits  eine  grgssere  Rippe,  so  dass  mil  ihm  die  Reihe  der  Brust- 
wirbel  zu  beginnen  ist." 

Atias  and  axis,  PI.  XLI,  Figs.  3-5,  The  atlas  is  coSssified  with  the 
axis  for  the  most  part  in  the  adult  specimen,  though  leaving  a  distinct 
sutural  line  of  division  in  the  more  immature  specimen.  In  the  younger 
specimen,  the  coCssificalion  is  less  complete,  and  ihe  axial  intercenlrum 
is  also  apparent,  though  indistinguishable  in  the  older  specimen.  The 
atlas  is  composed  of  the  usual  number  of  parts,  though  the  centrum,  or 
odontoid  must  be  small.  The  intercentrum  forms  Ihe  lower  third  or 
more  of  the  cup;  it  is  deeply  and  smoothly  concave,  with  a  sharp  cotylar 
rim.  which  is  nearly  semicircular  in  outline.  Its  upper  border  in  front 
has  three  parts:  the  middle  one,  concave  in  outline,  joins  the  odontoid; 
the  lateral  borders,  oblique  in  position,  join  the  bodies  of  the  neura- 
pophyses.  The  posterior  surface  is  probably  flat,  or  but  slightly  concave; 
the  sutural  line  with  the  axial  intercentrum  is  nearly  parallel  to  the  rim, 
and  the  width  is  slight,  though  a  little  greater  on  the  ventral  side,  where 
the  under  border  slopes  somewhat  ventrad  toward  the  axial  intercentrum. 

The  bodies  of  the  lateral  pieces,  or  ncurapophyses,  of  the  atlas  com- 
plete the  rim  of  the  cup,  each  forming  a  little  less  than  one-third  of  the 
circumference.  Their  lower  border  unites  with  the  atlantal  intercentrum ; 
the  inner,  lower  border,  joins  the  odontoid;  while  the  inner,  upper  bor- 
der, thinner  and  less  in  extent,  unites  with  its  mate  in  the  middle.  The 
dorsal  processes  or  arches  are  slender,  somewhat  oblique,  and  but  slightly 
dilated  at  the  distal  extremity,  which  appears  to  be  free.  They  apparently 
curve  backward,  to  be  applied  throughout  the  whole  of  their  extent,  to 
the  thin  neural  border  of  the  axis.  The  bottom  of  the  cup  is  formed  by 
the  odontoid.  Its  anterior  surface  has  three  convex  borders  of  nearly 
equal  extent,  ending  more  acutely  above.  How  deep  or  thin  this  bone  is 
cannot  be  said,  and  it  is  not  impossible  that  the  surface  appearing  in  the 
cup  is  really  the  anterior  face  of  the  body  of  the  axis,  the  odontoid  being 
obsolete.     The  inner  ends  of  ihe  lateral  pieces  are  thin,  and  it  is  impos- 
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sible  to  say  whether  the  odontoid  appears  on  the  floor  of  the  neural 
canal  or  not. 

The  axial  intercentrum  is  a  large,  wedge-shaped  piece  intervening 
between  the  atlantal  intercentrum  and  the  body  of  the  axis.  It  is  scarcely 
keeled  in  the  middle  below  and  reaches  as  high  on  the  sides  as  does  the 
atlantal  intercentrum. 

The  body  of  the  axis  is  short  and  much  expanded  posteriorly.  Its 
ball  is  small  and  widened  transversely.  Below  the  ball  the  body  is 
expanded  into  a  very  large,  flaring  rim,  inclosing  a  deep  concavity, 
having  a  broad  articular  surface  transversely.  This  surface  evidently 
corresponds  to  the  united  postexapophyses  of  the  later  vertebrae — the 
"  posterior  parapophyses "  of  Owen  and  Plieninger.  Nothing  quite  simir 
lar  to  this  structure  seems  to  have  been  observed  in  any  of  the.  European 
pterodactyls,  though  an  axis  figured  by  Owen,*  as  also  Seeley,  seems  to 
approach  this  structure.  Nor  do  I  find  a  corresponding  adaptation  of 
structure  in  any  of  the  following  vertebrae. 

The  arch  of  the  axis  is  broad  and  relatively  high.  The  neural  rim  in 
front,  to  which  are  applied  the  dorsal  neurapophyses  of  the  atlas,  is  thin, 
forming  a  heart-shaped  opening.  The  spine  is  broad,  low  in  front,  where 
there  is  a  thin  margin,  for  a  short  distance,  and  is  highest  behind.  The 
sloping  border  is  thickened,  the  posterior  border  thin.  Below,  on  each 
side,  there  projects  backward  a  strong  process,  on  the  under  side  of  which, 
before  its  termination,  is  the  small,  oval  zygapophysis. 

In  the  figures  given  in  PI.  XLI,  I  have  partially  restored  the  axis  and 
atlas  after  two  specimens,  both  complete,  but  compressed  in  different 
ways.     The  length  of  the  atlanto-  axis  is  14  mm. 

Plieningerj*  describes  the  atlas  in  Pterodactylus  kochii  as  consisting  of 
a  "ziemlich  massiven  Korper,  sowie  aus  einem  Nervenrohr  umschlies- 
senden  Bogenpaar,  welches  aussen  und  oben  jederseits  einen  Fortsatz 
tragt,  der  wohl  zur  Anheftung  von  Muskeln  diente."  He  also  identifies 
the  bone  considered  by  FraasJ  as  a  "  Schlundring  **  as  the  atlas.  From 
the  description  and  figure  it  would  seem  that  the  atlas  of  Pterodactylus 
is  of  a  very  different  structure  from  that  in  Nyctosaurus  and  Pteranodon, 
(I  have  seen  the  united  axis  and  atlas  in  a  species  of  the  latter  genus; 
they  resemble  the  same  bones  in  Nyctosaurus.^ 

Third — seventh  cervical  vertebrce^  PI.  XLI II,  Figs.  7-8.  The  cervical 
vertebrae  were  lying  close  together  between  the  back  of  the  skull  and  the 
top  of  the  thorax,  but  they  were<  dislocated  and  disassociated,  so  that 
nothing  can  be  told  of  their  sequence  from  their  position.     Three  are 

•  Brit  F08.  Kept.  iv.  PI.  viii,  fig.  a. 
tPaleontographica,  1901,  p.  17. 
t  Paleontographica,  xxv,  PI.  xxii  g 
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IjiB;;  Upon  tbeir  veauxl  tarfaee;  thai  i>,  coafr^atd  doao-vatnllT.  and 
two  «crc  iDorc  or  Icn  croabcd  txteraUr  or  obtM^dr.  Tb««  is  ks 
diflcTcncv  in  the  leapb*  of  tbe  five  toUtwiDg  tbe  axil  tbu  is  Ae  caje  in 
A/r^awM^M;  I  am  tbcrefon  «otuc"lut  ■■  doobc  as  to  the  precfae  positioa 
of  tome  of  ibein.  ThoM  that  are  depmoed  have  die  under  sorfacc 
irirgularly-  plane  ot  coocaTc.  witii  tbc  Uieral  maigiiu  maadcd  and 
concave,  loftned  by  the  rid^e  which  reaches  from  the  anterior  ij-gapo- 
phjrtis  and  caapophjrtii  on  each  side  to  ihc  cofrespoBding  posterior 
exapophy*!*.  At  the  front  roarjpo  there  is  an  oval  fosaa,  or  depresnon. 
on  each  fide,  icparatcd  bj  a  conrex  sarface;  this  coovexiir  seems  olten 
la  be  produced  into  a  dtuinct  hrpapophjsis  in  the  European  pterodactyls. 
In  a  previoui  paper  1  stated  thai  the  exapophyses  are  non-articular  in  this 
gCDUi.  Thii  ntatenient,  after  a  more  careful  examination  of  the  speci- 
mens removed  from  the  matrix.  1  know  to  be  erroDeous,  ai  least  so  tar 
ai  the  processes  of  the  posienur  venebrx  are  concerned.  Owen  has 
identified  these  processes  with  the  parapophyses,  and  Flieninger  prefers 
to  adopt  this  name  for  ihein.  As  will  be  seen  by  an  inspection  of  Fig. 
7,  I'l.  X  LI  II,  the  irucparapophysis — that  is  the  process  for  the  articulation 
of  the  head  of  the  rib,  fur  which  the  term  was  originally  introduced  by 
Uwcn,  and  in  which  sense  il^ia  now  used — is  always  situated  at  the  anterior 
end  oi  the  vertebra,  cloxe  to  tlie  rim  of  the  cup.  This  process  bears  on 
its  anterior  face,  close  to  the  rim  of  the  cup,  a  convex,  articular  surface 
{or  union  with  the  corresponding  concave  surface  of  the  "  posterior 
parapophyses"  of  the  preceding  vertebra.  One  might  with  as 
much  propriety  call  these  posterior  prominent  articular  processes  the 
diapdphyses,  or  posterior  inferior  zygapophyses,  as  "  posterior  para- 
pophyses." There  is  no  such  thing  as  a  posterior  parapophysis,  nor  can 
there  be.  Nor  could  these  posterior  "parapophyses"  ever  have  arisen 
as  processes  for  rib  articulation.  They  are  very  characteristic  of  the 
pterodauiyl  vertebr.-c,  taking  the  place  of  the  lateral  or  double  articula- 
tion of  the  crypiodire  testudinale  cervical  vertebrae.  I  have  given  these 
articulations  a  distinctive  name  of  exapophyses  in  order  to  save  much 
circunilociiiion  in  their  description;  in  any  event  they  should  not  be 
called  "parapophvses,"  since  they  have  nothing  to  do  with  these  processes, 
either  morphologically  or  functionally. 

The  cup  and  ball  are  widened  transversely;  in  the  depressed  specimens 
very  uitich  so.  and  this  is  not  due  to  their  crushing,  since  those  lying  upon 
their  sides,  though  mutilated,  still  preserve  evidence  of  a  lateral  elonga- 
tion of  the  articular  surface.  The  convexity  of  the  bail  is  marked  dorso- 
ventrally,  more  so  near  the  neural  side.  The  posterior  border  between  the 
exapophyses  is  lliin  and  concave,  nearly  concealing  the  ball,  when  seen 
from  below.     The  anlenot  zygapophyses  project  much  in  front  of  the  cup; 


On  the  Osteology  of  Nyctosaurus.         133 

they  are  widely  separated  from  each  other.  A  ridge  extends  downward 
and  posteriorly  from  the  outer  side  of  the  zygapophysial  process  to  the 
outer  side  of  the  convex  exapophysis  or  parapophysis.  I  find  no  foramen 
inclosed  between  these  processes,  and  can  see  no  vestige  of  a  cervical 
rib,  such  as  is  described  in  certain  European  pterodactyls.  The  posterior 
zygapophyses  are  concave  and  oblique,  and  above  them,  there  is  a  more 
or  less  prominent  process,  a  sort  of  "  metapophysis."  They  do  not  extend 
as  far  back  as  the  ball,  leaving  a  wide  space  between  and  back  of  them  in 
which  the  floor  of  the  neural  canal  is  visible.  The  laminae  are  broad,  thin, 
and  roof-like,  meeting  in  the  middle  and  forming  a  very  thin,  neural 
spine.  The  length  of  the  base  of  this  spine  varies  not  a  little  in  the 
different  vertebrae,  from  twelve  to  sixteen  millimeters.  In  only  one 
vertebra  is  there  a  long  spine,  the  one  figured  in  PI.  XLI V,  Fig.  1 7,  which  I 
take  to  be  the  seventh  cervical.  In  the  others,  the  free,  thin  border  slopes 
slightly  upward  and  forward,  forming  a  rounded  spine  but  a  few  milli- 
meters in  height. 

Eighth  cervical  vertebra.  Pl.XLIII,  Fig.  8.  The  eighth  vertebra,  which, 
as  already  explained,  is  a  real  cervical  and  not  a  dorsal,  was  lying  close  to 
the  first  notarial  vertebra,  and  near  the  presternal  process  of  the  sacrum. 
It  has  been  so  much  compressed  that  all  of  its  characters  cannot  be  made 
out  with  clearness.  A  figure  of  it  is  given  as  it  lay  in  the  matrix.  It 
differs  greatly  from  the  vertebra  preceding  it  in  the  shortness  of  its 
centrum,  the  character  of  its  spine,  and  in  the  presence  of  diapophy- 
ses.  The  ball  is  transversely  widened,  and  has,  at  each  extremity, 
a  large,  concave,  articular  exapophysis.  The  post-zygapophyses  are 
situated  much  posteriorly  to  the  ball,  differing  therein  remarkably  from 
those  of  the  preceding  vertebrae.  The  spine  above  the  zygapophyses  is 
very  short  and  thick;  seen  from  behind,  it  is  concave,  and  ends  obtusely 
nearly  over  the  zygapophyses.  On  each  lateral  expansion,  near  the  upper 
extremity,  there  is  an  oval,  rounded,  smooth  surface,  forming  a  sort  of 
process  corresponding  to  the  "  metapophyses  "  of  the  earlier  vertebrae. 
The  front  border  of  the  spine  is  concave  in  outline,  and  is  rounded. 
There  is  a  rather  slender  and  moderately  long  diapophysis,  springing 
high  up  on  the  arch.  In  the  specimen  it  has  been  compressed  against 
the  vertebra,  but  seems  to  end  in  an  articular  process.  On  the  under 
side  of  the  vertebra,  near  the  mutilated  diapophysis,  there  is  a  fragment 
of  a  rib,  more  slender  than  those  of  the  notarium,  which  probably  belongs 
with  this  vertebra.  In  the  much  confused  anterior  end  of  this  vertebra, 
there  is  a  small  process  on  each  side,  evidently  the  exapophysis,  which  may 
also  have  served  for  the  articulation  of  the  head  of  the  rib;  if  so,  how- 
ever, the  head  must  have  been  small.  In  the  specimens  of  the  Pteranodon 
vertebrae  already  described,  this  parapophysis  seems  either  rudimentary  or 
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wantJDj;.  I  auapeci  that  ihe  rib  was  single-headed  here.  Because  of  the 
small  size  of  this  rib,  ibe  large  size  of  the  exapophyses,  and  Ihe  very  free 
union  oi  the  vertebra,  as  also  because  of  the  position  of  the  notarium  in 
the  specimen,  apparently  in  articulation  with  the  first  tubercle  of  the 
sternum,  I  feel  confident  thai  this  vertebra  does  not  articulate  with 
the  sternum,  and  that  it  is  a  cervical. 

Plieninger,  I.  c,  considers  the  eighth  shortened  vertebra  in  Ptero- 
liactylus  as  the  first  dorsal,  because  it  bears  a  diapophysis.  No  rib  was 
preserved  in  his  specimen,  and  he  does  not  slate  whether  there  is  a 
parapophysial  process  for  the  rib.  If  a  rib  was  present,  it  was  doubtless 
small,  since  the  next  three  pairs  of  ribs  are  found  in  place,  and  are 
"  besonders  kraftig."  The  next  three  or  four  pairs  arc  also  strong.  The 
posterior  ribs  are  slender. 

Dorsal  verlebra.  PI.  XLl,  Fig.  i;  PI.  XLIII,  Fig.  7-  The  three  firmly 
united  vertebra  of  the  notarium,  which  are  visible,  lie  with  their  ventral 
side  uppermost,  directed  a  little  obliquely  toward  the  left  side,  and  are 
partly  concealed  beneath  the  sternum.  The  front  end  lies  about  ten 
millimeters  back  of  the  front  end  of  the  presternal  process  of  the  sternum. 
The  first  two  centra  are  visible  nearly  wholly,  the  third  only  in  part.  The 
centra  are  flat  below,  concave  on  the  lateral  margins.  The  first  has  a 
concave  cup  margin,  and  on  each  side  a  stout  parapophysis  is  continued 
into  a  strong  rib,  without  clear  indications  of  sutural  union.  This  ver- 
tebra in  the  Kansas  University  specimen  has  the  ribs  free,  and  it  was 
itself  separable  from  the  following  centrum  through  its  suture;  it  is 
figured  in  PI.  XLIII,  Fig.  7,  and  has  already  been  described.  The 
parapophysis  of  the  second  notarial  vertebra  seems  to  be  given  off  some- 
what further  back,  and  there  are  indications  of  its  sutural  union  with  the 
rib  about  seven  millimeters  from  the  body.  The  rib  is  four  millimeters  in 
width  beyond  its  proximal  part,  and  a  length  of  about  thirty  millimelers 
was  preserved.  .-^  specimen  of  a  notarial  rib,  probably  the  first,  preserved 
with  the  Kansas  University  specimen,  has  a  length  of  forty-five  millimelers 
and  a  width  of  five.  The  corresponding  rib  in  this  specimen  must  have 
been  not  less  than  fifty  millimelers  in  length,  and  probably  about  sixty. 
Whether  the  third  vertebra  bears  similar  anchylosed  ribs  in  this  specimen 
cannot  be  said,  as  they  are  covered  by  the  sternum,  but  since  the  third 
vertebra  in  the  Kansas  University  specimen  has  such,  it  is  undoubtedly 
also  the  case  in  this.  The  end  of  a  flattened  rib,  about  twenty-five  . 
millimeters  in  length  and  three  or  four  in  width,  is  lying  by  the  articular 
margin  of  the  sternum,  and  may  belong  to  this  vertebra. 

Lying  in  the  axis  of  the  notarium,  a  convex  rim  of  a  dorsal  vertebra 
has  partly  protruded  through  the  thin  sternum.  This  vertebra  is  doubt- 
less either  in  direct  articulation  with  its  preceding  vertebra,  or  but  very 
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slightly  removed.  The  length  of  the  series  is  about  fifty  millimeters, 
showing  that  five  vertebrae  are  associated  in  it,  and  that  the  protruding 
one  is  the  fifth.  Whether  the  fourth  and  fifth  are  both  suturally  united 
in  the  notarium  cannot  be  said,  but  in  all  probability  the  fifth  at  least  is 
free,  since  its  convexity  shows  it  to  be  of  the  nature  of  the  following  ones, 
and  because  one  of  the  small  posterior  ribs  seems  to  have  been  articulated 
with  it.  The  sixth,  seventh,  eighth,  and  ninth  vertebrae  are  nearly  in 
relation  with  each  other,  behind  the  sternum,  lying  upon  their  dorsal 
side,  but  are  pushed  somewhat  to  the  left.  They  are  cylindrical  in  cross- 
section,  with  smooth,  evenly  concave  sides  and  inferior  border,  with  a 
deep  cup  and  a  prominent  ball.  They  are  a  little  longer  than  broad,  of 
nearly  equal  length,  though  a  little  more  slender  posteriorly.  The  ante- 
rior zygapophyses  extend  in  front  of  the  cup.  The  elongated  and  slender 
diapophyses  arise  high  up  on  the  arch  from  near  the  anterior  part  of  the 
vertebra,  and  are  directed  horizontally  outward.  These  vertebrae  are  quite 
similar  to  those  of  Pteranodon,  and  are  doubtless  quite  like  that  figured 
by  Seeley  in  his  Dragons  of  the  Air,  p.  86,  Fig.  26.  The  last  dorsal  (or 
first  sacral)  (PI.  XLI,  Fig.  i,  dv),  the  tenth  back  of  the  neck,  is  flat  on  its 
inferior  surface,  and  its  transverse  process  I  think  arises  from  the  centrum 
as  in  Pteranodon,  It  is  firmly  united  with  the  sacrum  by  suture  in  both 
genera,  and  is  quite  as  properly  counted  with  the  sacrum  as  with  the 
dorsal  or  lumbar  vertebrae.  It  is  probable  that  its  transverse  process 
unites  with,  or  reaches  to,  the  anterior  projection  of  the  ilium,  as  seems 
also  to  be  the  case  in  Pteranodon, 

The  position  in  which  the  skeleton  is  lying  indicates  that  the  right 
coraco-scapula  and  the  pelvis  are  in  the  positions  in  which  they  were  as 
regards  each  other  while  yet  held  together  by  the  ligaments.  The  right 
arm,  falling  across  the  abdomen,  has  caused  a  slight  dislocation  of  the 
dorsal  vertebrae,  the  notarium  held  by  the  ribs  has  been  turned  somewhat 
obliquely,  and  the  sternum  has  settled  down  a  little  to  the  left.  The 
ends  of  the  scapulae,  however,  are  nearly  in  the  relative  position  to  each 
other  which  they  must  have  held  during  life,  and  the  axis  of  the  sacrum 
is  in  line  nearly  with  the  presternum. 

Now,  by  bringing  all  the  vertebrae  back  into  a  straight  line,  the  ten 
vertebrae  fill  the  entire  space  between  the  neck  and  the  true  sacrum, 
proving  almost  incontestably  that  there  were  neither  more  nor  less  than 
ten,  a  number  found  in  no  other  reptiles  except  the  turtles  and  Pareia- 
saurus;  indeed,  if  we  call  the  last  a  sacral,  then  there  are  fewer  presacral 
vertebrae  in  Nyctosaurus  than  in  any  other  known  reptile. 

The  sacrum  proper,  as  described  below,  is  composed  of  six  vertebrae, 
the  lines  of  sutural  union  of  which  are  clearly  visible  in  the  specimen. 

Four  caudal  vertebrae  are  preserved,  lying  close  to  the  proximal  end 
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of  Ihe  left  femur.  The  largest  of  these  (PI.  XLIII,  Fig.  1 1),  thai  evidently 
immediately  succeeding  the  sacrum,  is  flat  at  each  end,  and  has  neither 
distinct  processes  nor  zygapophyses,  and  only  a  small,  low  spine  on 
the  posterior  part ;  its  width  posteriorly  is  much  less  than  that  anteriorly. 
The  other  three  vertebrw  are  in  a  series,  slightly  separated  from  each 
other,  and  are  mere  nodules  of  bone,  without  processes  of  any  kind, 
about  four  millimeters  in  length  by  three  in  width;  the  last  one  ends  in 
a  conical  point.  From  the  tapering  of  the  first,  and  the  association  of 
the  last  three  close  by  the  side  of  the  femur  it  seems  very  probable  that 
the  tail  was  short  and  slender. 


Lenglh,  Widlh, 

Atlanio-axiB — 14  

Third  cervical - 24  

Sevenili  cervical „ 3i  

Eighth  cervical  (about) g  

First  dorsal q  II 

Second  dorsal 10  11 

Third  dorsal - _ 10  11 

Lengih  of  first  five  dorsaJs  (about) 53        

Sixth  dorsal — q  8 

Seventh  dorsal g  8 

Eighth  dorsal- — q  7.5 

Ninth  dorsal _ g  8 

Lumbar  (tenth) 10  9 

First  true  sacral g  7.5 

Secimd  sacral — 9  7,5 

Third  sacral  - -- 7.5  7.5 

Fourth  sacral _ -  7  7 

Fifth  sacral .'...  6  6.5 

Sixth  sacral - 6  6.5 

First  caudal,  or  caudo-sacral  - 7  10(8} 

Distal  caudals 4i  4.  4i  3^  3-  3 


RIBS. 

T/wracic.  PI.  XLI,  Fig.  1,  r,r.     There  are  apparently  four  pairs    of 

stout  ribs  arising  from  the   first    four  dorsal  vertebrae,  the  first  three  of 

which,  at  least,  are  anchylosed  to  the  centrum  in  the  adult  animal.     They 

were   doubtless   all  attached  to  the  four  tubercles  on  each    side  of    the 

Beginning  with  the  fifth  dorsal,  the  ribs  are  single-headed,  and  are 
very  slender  and  delicate.  Four  pairs' are  discernible  in  the  specimen, 
and  a  fifth  seems  to  be  indicated  by  a  fragment.  The  largest  of  these, 
that  apparently  belonging  with  the  fifth  dorsal,  is  gently  curved.     It  meas- 
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ures  about  75  mm.  in  length,  2  across  its  somewhat  expanded  head,  .8 
across  the  shaft  a  little  beyond  the  capitular  thickening,  and  but  .4  near  its 
distal  extremity.  The  sixth  vertebra  has  its  rib  on  the  left  side  in  relation 
with  the  extremity  of  the  diapophysis;  it  is  a  little  shorter,  .75  in  width 
near  its  proximal  extremity,  and  .3  distally.  The  seventh  also  has  a  rib  in 
relation  with  the  left  diaphophysis;  it  is  yet  shorter,  and  nearly  straight; 
measures  .6  in  width  proximally,  and  .2  distally.  The  next  rib  is  straight, 
and  yet  more  slender,  and  shorter.  The  tenth  vertebra,  that  connected 
with  the  sacrum,  I  do  not  think  bore  a  free  rib. 

In  a  former  paper  I  stated  my  belief  that  the  slender,  posterior,  single- 
headed  ribs  did  not  inclose  the  abdominal  cavity,  but  were  directed  more 
or  less  outwardly  in  the  patagial  membrane.  In  support  of  this  belief  it 
is  seen  that  all  these  ribs  are  remarkably  slender,  and  but  slightly  if  at  all 
curved.  Their  free  and  loose  connection  with  the  vertebrae,  and  their 
delicacy  prevented  them  from  being  of  use  as  a  support  to  the  abdominal 
contents;  certainly  not  if  the  animal  walked  in  a  quadrupedal  position. 
Furthermore,  if  they  extended  in  the  walls  of  the  abdomen,  the  abdomen 
must  have  been  exceedingly  voluminous,  and  widely  unprotected  in  front. 

A  better  support  for  my  contention  is  afforded  by  the  position  of  the 
various  bones  in  this  specimen  as  they  are  preserved.  All  these  ribs  lie 
directed  outwardly  or  obliquely  backward,  and  none  of  them  are  mutilated 
or  broken  in  the  least,  save  as  may  have  happened  in  the  preparation  of 
the  specimen.  The  right  arm  lies  obliquely  across  the  abdomen;  it  was 
evidently  sustained  by  the  soft  parts  until  after  the  ligaments  connecting 
the  forearm  bones  had  partly  decomposed,  since  these  two  bones  and  the 
carpals  only  are  slightly  disassociated  from  the  remainder  of  the  wing 
bones.  The  radius  and  ulna  fell  to  the  back  part  of  the  abdominal 
cavity  while  yet  the  pelvis  was  held  together,  permitting  the  left  innomi- 
nate bone  to  fall  outward  over  the  end  of  the  ulna  and  carpal.  Further- 
more, the  ventral  ribs  have  fallen  upon  the  radius.  Now,  under  these 
conditions,  had  the  ribs  curved  forward  in  the  abdominal  walls  to  meet 
the  ventral  ribs,  they  surely  would  have  been  entangled  and  doubled  up 
beneath  the  forearm.  But  this  is  not  at  all  the  case,  and  it  seems  highly 
improbable  that  the  fleshy  walls  of  the  abdomen  could  have  fallen  apart, 
and  spread  out  laterally  with  the  wing  folded  across  them.  From  all  of 
which  evidence,  I  believe  that  the  ribs  were  directed  laterally,  supporting 
the  patagial  membrane,  perhaps  as  in  Draco,  and  that  they  did  not  inclose 
the  abdominal  cavity. 

Further  evidence  of  the  same  tenor  is  furnished  by  the  type  specimen 
of  Rhamphorhynchus  phyllurus  Marsh,  which  I  have  recently  examined. 
In  this  specimen,  the  right  arm  had  also  fallen  across  the  abdomen,  while 
yet  having  the  patagial  membrane  attached  to  it.     Nevertheless,  the  very 
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slender  ribs  are  spread  outwardly,  and  were  not  doubled  up  below  the 
wing  bones.  They  cannot  be  ventral  ribs,  since  these  are  large  and  broad 
in  this  species  of  Rhamphorhynchus,  according  to  Zittel. 

In  Pterodactylui  spectabilis,  as  figured  in  the  books,  a  number  of  very 
delicate  abdominal  ribs  are  shown,  as  depicted  by  Von  Meyer.  "  An  die 
unleren  Halfte  des  Rumpfes  komtnen  fQnf  fadenformige  Abdominalrip- 
pen.  Sie  sind  fadenformige.  ohnc  sich  gegen  die  Mitte  her  zu  verslarken, 
und  bei  ihre  Lange  und  dunnen  Beschafienheit  etwas  verbogcn.  Die  erste 
Rippe,  die  langsle,  ergiebl  0,026."*  Is  it  possible  that  the  abdominal 
and  vertebral  ribs  have  been  confused  in  this  description? 

Ventral  ribs  or  paraslernum.  PI.  XLI,  Fig.  j.  The  ventral  ribs  were, 
for  the  most  part,  lying  in  position  nearly  contiguous  with  the  xiphisternal 
process.  There  appear  to  be  four  pairs,  the  first  three  lying  together  and 
united.  The  first  pair  is  somewhat  uncertainly  shown,  broken  on  the  left 
side  and  partly  concealed  on  the  right  below  the  border  of  the  sternum. 
The  second  pair  is  very  distinct.  They  are  somewhat  V-shaped,  co-ossified 
and  thickened  in  the  middle,  and  terminating  outwardly  in  a  slender 
point.  The  third  pair  was  in  position,  co-ossified  with  the  margins  of  the 
second  pair,  but  not  united  in  the  middle.  Another  pair  is  seen  by  the  right 
side  of  the  tenth  vertebra,  partly  beneath  the  ulna;  their  whole  form  can- 
not be  made  out,  but  they  are  wider  and  longer,  apparently,  than  the  third 
pair,  to  which  they  could  have  had  no  ossific  union.  These  ribs  are  all 
thjn.  In  the  restoration  it  seems  evident  that  the  last  pair  of  these  ribs 
would  approach,  if  not  actually  meet  at  their  ends,  the  anterior  ends  of 
the  prepubic  processes.  I  am  very  much  inclined  to  believe  thai  the 
prepubis  is  really  not  a  part  of  the  pelvis,  but  rather  a.  part  of  the  para- 
sternal ossifications. 

One  of  the  best  descriptions  extant  of  the  ribs  of  pterodactyls  is  that 
of  von  Ammon  (op.  ct.): 

"  Die  hinterslen  dreizehnte  Rippe  stellt  einen  zarten  Knochenstreifen 
vor.  Das  untere  Ende  der  Rippen  ist  verdickt  und  bildet  ein  kleines 
Gelenkkopfchen,  an  welchem  der  obertste  Theil  einer  Gurtelrippe  der 
Bauchwand  befestigt  ist.  .  .  .  Dutch  ihre  Verbindungen  [d.  h.  der 
Abdominalrippen]  mit  den  oberen  Rippen  bestehen  also  vollsiandige 
Giirtel  in  der  Bauchwand.  Es  schliessen  sich  immer  zwei  Bauchrippen  zu 
einem  formlichen  Halbkreis  zusammen.  Am  Vereiningungspunkie  ist 
eine  mediane  Verdickung  vorhanden,  die  eine  nach  unten  Spitz  auslau- 
fendes  langes  Kopfchen  bildet."  The  ventral  ribs  of  this  pterodactyl  ' 
(Rhamphorhynchus  longUaudaius)  are  very  thin  and  simple,  in  contrast 
with  the  broad  ventral  ribs  of  the  larger  forms  of  Rhamphorhynchus, 
according  to  Zittel. 
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Owen*  says  that  "  the  ribs  of  Dimorphodon  acquire  a  characteristic 
tenuity  beyond  the  sixth  pair,"  and  Seeley  mentions  the  fact  that  the 
posterior  ribs  of  the  pterodactyls  are  slender.  In  current  restorations  of 
the  pterodactyls,  the  posterior  ribs  are  often  shown  as  long  and  strong 
bones,  inclosing  a  large  and  deep  abdomen,  the  outlet  of  which  must 
have  been  through  the  narrow  pelvis.  It  has  been  suspected  that  there 
are  sternal  ribs  intervening  between  the  vertebral  ribs  and  the  sternum, 
but  there  is  no  evidence  of  such  in  the  present  specimen. 

PECTORAL  GIRDLE  AND  EXTREMITY. 

So  far  as  is  definitely  known,  the  pectoral  girdle  comprises  the  ster- 
num, coracoid  and  scapula  only.  No  clavicles  (unless  the  ossification 
hereinafter  described  is  a  clavicle),  inter-clavicle,  epicoracoids,  or  precora- 
coids,  even,  are  known.  Furthermore,  the  bones  present  are  so  strangely 
modified  that  they  present  very  little  resemblance  to  the  same  elements 
in  other  reptiles,  agreeing  rather  better  with  those  of  birds,  an  agreement, 
however,  that  I  believe  to  be  homoplastic  in  nature. 

Sternum.  PL  XLII,  Fig.  i.  The  sternum  is  a  broad  and  thin  bone, 
with  a  stout  anterior  projection,  and  a  thin,  spatulate  xiphisternal  process 
posteriorly.  The  presternal  process  is  narrowed  and  rounded  on  the 
under  surface,  and  may  have  projected  somewhat  ventrad.  The  saddle- 
shaped  articular  surfaces  for  the  coracoids  look  dorsad  and  laterad.  The 
anterior  borders  at  the  sides  of  the  presternal  projection  are  thickened, 
concave  slightly  in  outline  on  the  inner  part,  straight  and  more  oblique 
on  the  outer  ends.  The  lateral  margins  are  thin,  and  are  nearly  parallel 
with  the  median  axis  of  the  bone.  These  borders  have  three  emargina- 
tions,  separated  by  four  rounded  projections,  the  anterior  one  longer  and 
thicker  than  the  others,  which  are  thin  and  small.  The  posterior  border 
is  convex  on  cither  side,  ending  in  a  short  and  deep  concavity  at  each 
side  of  the  flat  xiphisternal  process.  This  process  is  spatulate,  with  the 
distal  end  rounded  or  very  slightly  emarginate,  and  doubless  gave  attach- 
ment to  the  series  of  abdominal  ribs,  which  lie  in  the  specimen  nearly 
in  connection  with  it.  The  sternum  is  somewhat  thickened  in  the  middle 
anteriorly,  or  back  of  the  base  of  the  anterior  process.  On  the  sides  and 
behind  the  bone  is  very  thin,  almost  paper-like;  this  thinner  part  in  the 
specimen  shows  numerous  small  crinkly  fractures,  doubtless  caused  by  the 
flattening  of  the  concave  bone;  similar  crinkles  are  visible  in  the  thin 
prepubic  bones.  The  sternum  lies  nearly  in  its  normal  position  in  the 
skeleton.  In  falling  backward  it  has  been  displaced  a  little  obliquely  to 
the  long  axis  of  the  body,  as  have  the  dorsal  vertebrae,  perhaps  caused  by 

*  Paleontograj^bica  Soc.,  i86q,  p.  6q. 
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the   weight  of   the  right   arm    lying   across    the   body.     The  presternal 
process  extends  about  half  an  inch  in  front  of  the  notarium. 

UBASUREMBNTS   OF   STERNUM. 

Length  in  middle - 88 

Crealesl  width,  across  altachments  of  firal  rib -   80 

Length  of  rib  margins 28 

Width  at  coracoidal  articulations.- - 40 

Length  of  presternal  process  in  front  of  coracouls . 16 

Width  of  xiphisternal  process .. „ _     g 

Length  of  xiphisternal  process - - 11 

Coraeo- scapula.  PI.  XLIII,  Fig.  6.  This  conjoined  element  is  a  mod- 
erately stout,  U-shaped  bone,  with  the  coracoid  branch  stouter  and  a  little 
longer  than  the  scapular.  The  distal  extremity  of  the  scapula  is  slighily 
expanded  and  flattened  spatulaie;  the  shaft  is  fiaitened  and  somewhat 
constricted  in  width.  There  is  a  rounded  protuberance  on  the  outer  or 
upper  margin,  just  beyond  the  glenoid  rim,  for  the  attachment  of  nmscles. 
This  process  appears  to  be  wanting  in  the  specimen  previously  described 
by  me  of  this  genus,  but  it  is  possible  its  absence  is  due  to  some 
postmortem  compression.  The  glenoid  articulation  is  deeply  concave 
from  above  downward,  convex  from  side  to  side,  and  is  bounded  both 
above  and  below  by  a  prominent  ridge,  that  on  the  inferior  border  being 
much  stronger  than  the  upper  one.  The  glenoid  surface  is  placed 
obliquely  to  the  shaft  of  the  bones,  doubtless  in  life  looking  outward 
and  somewhat  backward.  The  surface,  from  side  to  side,  is  narrower 
below  than  above.  .\  line  indicating  the  sutural  union  of  the  two  bones 
passes  directly  through  the  middle  of  the  articular  surface  transversely. 
At  the  bottom  of  the  U  formed  by  the  conjoined  bones  there  is  a 
process,  rather  slender,  arising  from  the  inner  surface  of  the  scapula, 
and  reaching  to  the  inner  face  of  the  coracoid,  which  it  joins.  It  incloses 
a  small  foramen  between  it  and  the  coracoid,  back  of  and  below  the 
glenoid  surface.  A  precisely  similar  process  is  found  in  the  coraco- 
scapula  of  PUranodon,  and  in  neither  genus  does  the  suture  dividing  the 
coracoid  from  the  scapula  cross  this  process;  it  is,  apparently  without 
doubt,  either  a  separate  ossification  joined  to  the  two  bones,  or  else  a 
process  from  the  scapula.  I  cannot  at  present  examine  the  under  sur- 
face of  this  scapula,  and  have  none  of  Pterattodon  for  comparison.  In 
Nyctosaurui,  however,  the  process  seems  to  be  separated  from  the  scapula 
throughout  a  large  part  of  its  extent.  If  it  really  belongs  with  the  scapula, 
the  inclosed  foramen  cannot  be  the  usual  supracoracoid  foramen  of  the 
reptilian  coracoid. 

A  similar  foramen,  though  of  larger  size,  is  shown  by  Owen  in  the 
coraeo- scapula  of  Ornithocheirus  j-ri/^w/fi/ (Paleontograph.,   1857),  which 
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he  calls  doubtfully  a  pneumatic  foramen.  Whether  the  part  is  an  acro- 
mion process  of  the  scapula,  or  possibly  a  vestigial  clavicle,  must  be  left 
for  future  research. 

The  coracoid  has  a  flattened  shaft,  oval  in  cross-section  near  its  middle, 
and  flattened  at  either  extremity.  The  sternal  articular  surface  is  convex 
in  its  greater  diameter,  gently  concave  in  the  opposite  direction.  Near 
the  outer  extremity  of  the  shaft,  on  the  inferior  border,  there  is  a  strong 
process,  gradually  arising  from  the  shaft  but  with  a  deep  concavity  be- 
tween it  and  the  articular  rim.  A  small  sesamoid  ossicle  was  found 
lying  near  it.  The  shaft  at  its  middle  is  narrowed  and  smooth;  it  seems 
to  lack  the  strong  muscular  rugosity  on  the  external  part  which  occurs  in 
the  Pteranodon  coracoid;  the  process  on  the  outer  inferior  border  is  also 
larger  than  in  Pteranodon,  It  will  be  observed  also  in  the  figure  that 
the  glenoid  articular  surface  does  not  extend  to  the  inferior  margin  of  the 
coracoid,  resembling  in  this  respect  somewhat  the  European  forms  of  this 
bone.  The  scapula  of  course  differs  markedly  from  that  of  Pteranodon 
in  the  non-articular  distal  end. 

MEASUREMENTS  OF  CORACO-SCAPULA. 

mm. 

£xtent  of  coraco-stemal  articulation - 10 

Least  width  of  shaft,  below  middle  of  coracoid 7 

Length  of  coracoid-. - _.  55 

Dbrso-ventral  diameter  of  glenoid  surface - 19 

Length  of  scapula _-_ 49 

Least  width  of  shaft  of  scapula _ 14 

Width  at  distal  extremity __ 16 

Humerus,  PI.  XLII,  Fig.  7.  The  humeri  both  lie  with  the  inner 
side  uppermost.  The  proximal  articular  surface  is  distinctly  saddle- 
shaped,  the  convexity  directed  from  behind  forward  and  inward.  The 
curve  of  the  concavity  is  greater  than  that  of  the  convexity  in  the  speci- 
raen.  The  ulnar  or  median  process  is  very  stout,  reaching  as  high 
as  the  articular  surface.  It  is  broad  above,  with  apparently  two  faces 
for  muscular  attachment,  separated  by  a  narrow,  free  space.  Its  rounded 
distal  border  sinks  into  the  surface  of  the  shaft  at  about  its  middle 
third.  The  deltoid,  radial,  or  lateral  process  is  very  large.  It  is  directed 
forward  and  a  little  downward,  its  lower  margin  uniting  with  the  shaft 
at  about  the  middle  third.  Both  upper  and  lower  borders  are  deeply 
concave,  the  upper  one  the  longer.  Its  distal  extremity  is  expanded, 
and  has  an  evenly  convex  border  from  above  downward.  Near  the 
app>er  end  of  this  border,  on  the  inner  side,  there  is  a  small,  oval, 
oblique  surface,  looking  inward,  for  muscular  attachment;  and,  begin- 
ning near  the  middle  of  the  upper  border,  there  is  a  slender,  but  well- 
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asrfccd  ridge  &bo  for  mvcnlaT  maduDCOt,  tmcniiig  ibc  sBterior  face 
obUi|aely,  and  termiiutif^  aev  the  lower,  ovur  CBglc  of  tbe  pnxKS. 
FfirbrtBgei  njt  of  thoc  ptoccMcs  in  the  pttmtaaa:  "  Ptoc  bicfaln  und 
Pioc  Bkcduli*.  iMnKsilicfa  «ber  der  erstete  sad  sckr  krJfttg  attwickch 
uid  protainicrcii  itubaoodcre  proiimal  so  surk,  das  das  ntscbra 
itaaeo  befindllcbe  Capathttmeri  cogv  tbeilweise  gKgoi  dcIi  lurucfctieieti 
fcoiiB;  dagcgCD  lit  —  tchr  im  UnicTKhiedc  xu  den  meisun  Saaropciden, 
aatneatltch  aber  den  TTieroniorpIiea  and  Dinosanricm  — dcr  Proc  later- 
aJi>  wenig  in  die  Llnge  entwickelt,  iodem  er  ge«iihQlicb  aur  das  proiitnal 
J^  Us  ;^  des  Humeros  ciDnimmi.  Die*e  KonfigntaiioDcn  Usseo  darauf 
•chlicMco,  djui  die  Mm.  uipracoracoideus  (supracoTarascapulaHs,  scapulo- 
bumeralis  pottenor  und  snbcoracoscapiiLaTisf  eine  telaiiv  hohe  EnifaltiiDg 
bcsasscD,  det  M.  pcctoralis  dagegen  kcioe  so  aboonue  Stlrke  darbot, 
vie  cs  von  vornbetein  von  eineia  fliegcnden  Thiere  ervartei  werdeo 
konnie,  und  dcf  M,  deltoides  nur  miitelsiark  entwickelt  war."" 

The  altafl  below  ibe  lateral  process  is  o(  nearly  unifortn  width.  A  little 
above  the  middle  of  each  boac.  on  Ibc  inner  or  veniiolaicral  side,  starting 
ftoiu  precitely  the  uine  place,  and  lying  transverse ly,  there  is  a  slendei 
boDC,  less  iban  a  millimcicr  in  K-jdih,  and  about  twelve  oiilliniciers  in 
length,  preserved.  I  do  nol  know  what  il  is,  nor  whetlier  it  really 
belongs  In  this  position,  though  the  Bimilarity  of  the  bone  on  the  two 
tides  suggests  that  it  does.  It  may  be  an  ossified  tendon.  .  .  Because 
(if  the  iiosilion  in  which  both  humeri  are  lying,  the  distal  exireniiiy 
has  been  transversely  compressed,  effacing  the  articular  surfaces  to  a  great 
extent.    There  seems  to  be  a  small  depression  on  the  inner  epicondyle. 

MEASI.-REUENTS  OF  HUMERUS.  mm. 

LenKLli- 87 

Least  wiiith  ni  shail 5 

Least  width  of  liUeral  jiroci-ss 17 

Width  ■>!  lateral  process  disially 2; 

Widili  of  humerus  thrciuKh  lateral  process -_  42 

Wiijtii  ijf  meilian  process -- 5 

07»a.  I'l.  XLII.  Fig.  i.  The  bones  of  the  left  forearm  lie  nearly  in 
position,  and  in  contact  with  the  distal  end  of  the  humerus;  those  of  the 
right  side  have  been  slightly  separated,  the  radius  detached  and  removed 
proxiitially.  The  left  ulna  is  lying  nearly  upon  its  outer  side,  partly  over- 
lapping the  radius;  that  of  the  right  foreartij  has  been  compressed  dorso- 
venlrally.  The  bone  is  slightly  expanded  at  the  extremities.  There  are 
two,  nearly  confluent,  articular  surfaces  at  the  proximal  end,  the  smaller, 
nearly  circular  one,  on  the  inner  side,  nearly  confluent  with  the  large,  less 
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deeply  concave  surface  on  the  inner  side.  Just  in  front  of  this,  near  the 
niiddle  of  the  bone,  transversely,  there  is  a  pneumatic  foramen  on  the 
flexor  side.  The  inner  side  of  the  bone,  at  this  extremity  is  expanded 
into  a  thin,  convex  process.  The  articulation  at  the  distal  extremity  can- 
not be  made  out,  as  it  is  largely  concealed  by  the  carpals.  The  shaft  is 
nearly  straight,  curved  forward  gently  at  the  distal  extremity. 

MEASUREMENTS.  

Length _ 144 

Width  of  proximal  extremity I...  44 

Width  of  shaft- -.- - _ 24 

Radius.  PI.  XLI,  Fig.  2,  PI.  I.  The  radius  is  a  more  slender  and 
slightly  shorter  bone  than  the  ulna.  On  the  left  side  it  lies  partly  con- 
cealed beneath  the  ulna  and  there  would  seem  to  have  been  no  pronation 
of  the  bone.  The  bone  is  more  slender  than  the  radius,  somewhat  concave 
along  its  inner  or  upper  border  as  it  lies  in  relation  with  the  ulna;  nearly 
straight  as  it  lies  compressed  from  above  downward.  The  bone  is  more 
expanded  distally  than  proximally.  The  proximal  articular  surface  is 
rounded  and  concave.  Lying  near  the  roughened  distal  surface  shown 
in  the  figure  there  was  a  small  sesamoid  bone. 

MEASUREMENTS   OF   RADIUS. 

nam. 

Length - 140 

Width  of  shaft  middle  third 18     ^ 

Width  distal  extremity -.- 24 

Carpals.  PI.  XLII,  Figs.  2,  cd,  3,  PI.  XLIV,  Fig.  8.  The  two  chief 
carpals  of  the  left  wrist  are  in  relation  with  each  other  and  the  wing  meta- 
carpal, and  but  slightly  displaced  from  the  forearm  bones.  On  the  right 
side  they  are  separated,  and  the  proximal  one  is  partly  concealed  beneath 
the  ischium,  the  distal  one  having  its  proximal  surface  obliquely  exposed. 
In  the  figure  (PI.  XLIV,  Fig.  10),  the  one  shown  obliquely  is  that  of  the 
other  carpus  figured.  The  wing  metacarpal  of  the  left  side  (PI.  XLIV,  Fig. 
2),  lying  articulated  with  the  distal  carpal,  has  the  under  side  uppermost, 
from  which  it  would  appear  that  the  view  given  is  of  the  anterior  side  of 
the  carpus.  The  proximal  carpal  is  much  the  larger,  extending  on  the 
under  side  either  to  articulate  with  the  metacarpal,  or  nearly  so.  A  sub- 
angular  space  is  left  between  the  two  bones  on  the  radial  side,  for  the 
articulation  of  the  lateral  carpal  or  metacarpal  of  the  first  digit.  This 
latter  bone,  of  the  right  side,  is  shown  in  PI.  XLII,  Fig.  3.  It  is  a  small, 
elongate  bone,  with  an  articular  emargination  on  one  side,  which  I  had 
supposed  was  for  the  pteroid.  I  give,  also,  a  good  figure  of  this  bone 
of  Pteranodon,  copied    from  Cope    (Cretaceous   Vertebrata,    Plate    VII, 
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Fig,  3).  It  resembles  that  of  Nyciosaurus,  though  having  a  less  elon- 
gated process  beyond  the  articular  lateral  eniargination.  The  figures  of 
the  carpal  bones  of  Ornithocheirus  given  by  Seeley  (Ann.  Mag.  Nat.  Hist. 
Aug.  1870,  and  Dragons  of  the  Air,  p.  114)  closely  resemble  these  bones. 
Professor  Seeley  says  of  the  "  lateral  carpal  ":  "  It  is  a  flat,  oblong  bone, 
attached  to  the  inner  side  of  the  distal  carpal,  and,  instead  of  being  pro- 
longed distally  in  the  same  direction  as  the  other  metacarpal  bones,  is 
turned  round  and  directed  upward,  so  that  its  upper  edge  is  flush  with  the 
base  of  the  radius,  and  gives  attachment  to  the  pteroid."  I  had  supposed 
that  the  larger  end,  as  shown  in  the  present  figure,  fitted  into  the  interval 
between  the  two  carpals,  and  that  the  emargination  was  for  the  articulation 
of  the  rounded  head  of  the  pteroid,  though  perhaps  the  position  assigned 
to  it  by  Seeley  is  the  correct  one.  The  bone  is  thin  on  the  sides  shown  in 
the  figure,  so  thai  the  articulation  of  the  pteroid  must  have  been  either  in 
the  emargination  or  with  the  broader  end.  Marsh  says*  that  it  "stands 
nearly  at  right  angles  with  the  wrist,"  and  I  am  inclined  to  ihink  he  was 
right.  The  structure  of  these  wrist  bones  is  almost  identical  with  what  it 
is  in  Pteranodon. 

MEASUREMENTS  OF  CARPAL  BONES, 

Length  of  articulated  carpus. 15 

Greatest  diameter  of  distal  carpal - 24 

Lesser  diameter  ot  same 14 

Greatesi  diameter  ot  proximal  carpal — z6 

Length  of  "lateral  carpal" 17 

Width  o(  same -- _ 8 

Metacarpals.  The  first  metacarpal,  or  pteroid  {PI.  XLII,  Figs.  4,  5), 
is  an  elongated,  pointed,  styliform  bone,  with  an  enlarged  articular  car- 
pal extremity.  In  both  arms  this  bone  has  been  displaced,  though  so 
closely  associated  with  the  corresponding  extremity  that  the  position  is 
assured.  Its  articular  end  is  broad,  its  margin  nearly  at  right  angles  with 
the  long  axis  of  the  bone.  The  articular  surface  is  nearly  at  right  angles 
with  the  transverse  diameter,  in  life  nearly  circular  in  outline,  and  decid- 
edly convex.  It  is  separated  from  the  bone  by  a  slight  constriction. 
The  dorsal  border  of  the  bone  is  very  gently  concave  throughout,  and 
the  inferior  border  is  correspondingly  convex  for  the  greater  part  of  its 
extent.  The  pteroid  of  the  right  arm  is  lying  close  to  the  lateral  carpal, 
as  though  its  articular  surface  fitted  into  the  lateral  emargination  of  that 
bone  in  lite.  Oscar  Fraaswas  the  first,  so  far  as  I  can  learn,  to  recognize 
the  real  nature  of  this  bone  as  belonging  to  the  first  digit.f  a  view  after- 
wards adopted  by  Marsh  and  Zittel. 

■Aniii.  Journ.  Stf.,  iB!i,  p.  ISS- 
tPaleoniographica,  1878,  p.  170. 
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MEASUREMENTS  OF  PTEROID. 

mm. 

Length — -  104 

Greatest  width  (at  proximal  end) - 15 

Diameter  of  articular  surface 8 

The  next  three  metacarpals  are,  for  the  most  part,  wanting  in  this 
specimen,  a  single  complete  one  lying  near  the  distal  extremity  of  the 
right  wing  metacarpal  (PI.  XLII,  Fig.  6).  It  is  a  very  small,  splint- 
like and  slightly  curved,  pointed  bone,  measuring  about  twenty-four 
millimeters  in  length  by  two  in  greatest  width.  Its  resemblance  to  the 
corresponding  metacarpals  of  Pteranodon  is  so  great  that  the  whole 
structure  of  the  hand  is  doubtless  the  same  in  the  two  genera.  I  give 
herewith  a  diagrammatic  figure  of  these  parts  in  Pteranodon^  based  on  a 


Fig.  2.    Metacarpals  of  Pteranodon  ingens. 

specimen  in  which  nearly  all  the  bones  were  present  and  in  position, 
some  of  the  terminal  phalanges  only  being  misplaced,  and  one  or  two  of 
the  fourth  finger  missing.  In  a  former  paper  I  stated  that  the  phalanges 
of  the  hand  were  of  two  kinds,  long  and  short.  Possibly  this  is  the  case 
in  some  of  the  smaller  species,  but  I  think  not.  I  doubt  not  that  the 
small  phalanges  there  described  were  from  the  foot,  and  had  become  dis- 
placed and  associated  with  the  hand  phalanges  in  the  specimen  described. 
In  the  specimen  of  Pteranodon  the  small  metacarpals  seemed  to  lie, 
not  as  they  are  diagrammatically  figured,  one  above  the  other,  but  more 
side  by  side.  The  second  metacarpal  is  continued,  as  already  stated  by 
Marsh,  to  the  carpus,  as  a  thin,  thread-like  bone.  It  was  not  continued 
along  the  dorsal  side  of  the  bone,  but  seems  to  pass  to  the  radial  side, 
where  it  belongs.  From  this  it  seems  also  probable  that  the  position  of 
all  three  bones  in  life  was  along  the  radial  dorsal  margin  of  the  fifth 
metacarpal. 

Both  of  the  wing  metacarpals  (PI.  XLIV,  Fig.  2)  lie  upon  the  dprsal 
surface,  a  position  in  which  they  are  seldom  found.  The  bone  is  much 
broader  at  the  base,  tapering  to  beyond  the  middle,  whence  the  shaft 
has  nearly  parallel  sides.  The  proximal  articular  surface  cannot  be 
made  oat,  though  there  appears  to  be  a  division  into  two  facets.  The 
condyles,  as  in  Pteranodon^  are  placed  obliquely,  the  posterior  one  the 
larger. 
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measuhements. 

Length ii4 

Widtb  at  proximal  end  ..- - 18, 13 

Width  of  shaft  at  middle 11, 12 

First  phalange  of  wing  fiii£er.  Pl.XLIV.Fig.  i.  The  first  phalange,  as 
usual,  lies  upon  the  side  in  both  wings.  As  id  Pleranodon,  it  is  the  long- 
est bone  of  the  body.  Its  under  margin  is  concave  throughout,  the  con- 
cavity greater  near  each  end.  The  proximal  expanded  extremity  has  a 
deep  articular  concavity,  extending  through  an  arc  of  about  one-third  of 
a  circle,  with  its  radius  directed  at  an  angle  about  45°  with  the  long  axis. 
The  upper,  olecranon-tike  projection  has  a  marked  einargl nation  of  the 
border  above,  between  which  and  the  proximal  end  the  convexity  is 
greater,  with  the  corresponding  deeper  concavity  of  the  under  border. 

There  are  two  articular  facets,  separated  by  a  median  ridge,  which 
fits  into  the  trochlear  depression  of  the  metacarpal.  The  posterior  sur- 
face extends  throughout  the  whole  length  of  the  arc,  while  that  on  the 
anterior  side  reaches  but  little  more  than  one  half  of  the  distance,  and 
its  upper  part  is  narrower  than  is  the  other  surface.  The  pneumatic 
foramen  is  on  the  anterior  side,  just  beyond  the  end  of  the  articular  sur- 
face. The  dorsal  border  of  the  bone  is  gently  and  evenly  convex  from 
a  little  beyond  the  proximal  extremity,  and  the  width  on  the  distal  three- 
fifths  is  nearly  uniform.  The  distal  exireniity  of  the  bone  is  curved 
downward;  the  articular  surface  in  life  was  doubtless  a  vertical  oval. 

MEASUREMENTS. 

LenElli  - --- --283 

Greatest  width  at  proximal  end .. 27 

Chord  of  proximal  articulation 17 

Width  of  sliaft,  proximal  third --_ __  14 

Width  of  shaft,  distal  third — _ 14 

Width  distal  extremity-- _..  18 

Thickness  of  shaft  al  middle  as  compressed— .  1.7 

The  second  wing  phalange  (PI.  XLIV,  Fig.  5)  lies  in  position  in  the 
right  wing,  but  is  somewhat  displaced  in  the  left.  It  is  much  stnaller 
and  more  slender  than  the  first  phalange.  Its  proximal  border  is  nearly 
straight  and  transverse  to  the  axis  of  the  shaft:  it  ii,  much  broader  than  the 
shaft.  The  under  border  of  the  bone  is  gently  concave  throughout, 
except  on  the  proximal  part,  where  the  concavity  is  deeper.  The  upper 
border,  gently  concave  at  the  proximal  end,  is  nearly  straight  thence  to 
near  the  extremity.  The  distal  extremity  is  quite  like  that  of  the  first 
phalange,  though  smaller. 
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MEASUREMENTS. 

aam. 

Length — _ 211 

Width  proximal  extremity - - 17,  18 

Width  at  proximal  third ._ _ 9,  10 

Width  at  distal  third 8,  9 

Width  of  distal  end ..- - 9,  10 

The  third  phalange  has  the  proximal  extremity  preserved,  com- 
pressed from  above.  The  surface  seems  to  have  been  only  slightly  con- 
cave. This  phalange,  like  the  preceding  one,  seems  to  have  been  pro- 
portionally more  slender  than  in  Pterapwdon, 

PELVIC  GIRDLE  AND  EXTREMITY. 

Pelvis,  PI.  XLI,  Fig.  i.  The  pelvis  lies  with  the  bones  nearly  in 
position,  the  sacrum  with  its  ventral  surface  uppermost,  the  innominate 
bones  separated  at  their  sutures  and  in  juxtaposition  with  the  sacrum,  the 
visceral  surface  also  uppermost. 

There  was  in  the  sacrum  (PI.  XLI,  Fig.  i,  s)  in  life  evidently  a 
considerable  concavity  transversely,  and  possibly  a  slight  concavity  longi- 
tudinally. It  is  composed  of  six  firmly  united  vertebrae,  the  sutural  lines 
between  the  centra  clearly  distinguishable.  The  vertebrae  decrease  in 
length  from  the  first  to  the  fifth;  the  sixth  is  slightly  longer  than  its 
predecessor.  The  centra  are  flattened  in  the  preserved  specimen,  though 
possibly  in  life  they  may  have  been  slightly  convex  transversely.  The 
sacral  ribs  show  no  indications  of  sutural  connections  anywhere,  and  are 
broadly  united  distally.  Between  them  the  oval  foramina  decrease  rapidly 
in  size,  and  slightly  approach  the  middle  line,  the  last,  that  between  the 
fifth  and  sixth  vertebrae,  being  almost  punctiform,  while  the  first  is  of 
considerable  size. 

The  first  process  is  broad,  with  a  broad,  oblique  surface,  terminating 
distally  in  a  free,  rounded  margin.  The  pelvic  brim  is  indicated  by  an 
angular  line  passing  outward  and  downward  obliquely  to  the  upper 
border  of  the  articular  surface  for  the  innominate  bone.  This  surface  is 
oval,  and  encroaches  obliquely  on  the  front  surface  of  the  sacrum;  beyond 
it  the  thin  margin  of  the  sacrum  does  not  present  a  sutural  surface  on  the 
ventral  side.  The  lateral  margins  approach  each  other  until  at  the  hind 
border  the  distance  between  them  is  less  than  half  that  at  the  brim  of 
the  pelvis. 

The  ilium  (PL  XLI,  Fig.  i,  //)  has  a  long,  flattened  or  somewhat  pris- 
matic anterior  process,  reaching  as  far  forward  as  the  second  presacral 
vertebra.  The  process  is  apparently  curved  somewhat  backward  in  life, 
and  also  outward;  it  has  an  obtuse  anterior  extremity.     Posteriorly  the 
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ilium  extends  a  shorl  distance  beyond  the  end  of  Ihe  sacrum  as  a  short, 
obtuse  process.  It  sends  an  angular  expansion  upward  and  inward 
opposite  the  end  of  the  sixth  sacra!  vertebra,  which  extends  five  or  six 
millimeters  above  the  margin  of  the  sacrum,  possibly  forming  a  sort  of 
roof  over  the  last  sacral  and  the  first  caudal,  and  approaching,  or 
possibly  meeting,  its  mate  in  the  middle.  The  flattened  or  ventral  por- 
tion (PI.  XLI,  Fig.  I,  ip)  of  the  ischio-pubis  is  somewhat  trapezoidal  in 
shape  with  the  symphysial  line  slightly  oblique  to  the  sacral  border. 
Both  bones,  separated  at  the  median  suture,  lie  with  the  visceral  surface 
uppermost,  and  both  present  a  considerable  concavity.  The  anterior 
border  begins  at  the  upper  margin  of  the  proce.w,  which  articulates  with 
the  sutural  surface  described  on  the  lateral  margins  of  the  sacrum  oppo- 
site the  first  intercostal  foramen.  The  margin  is  thin  and  concave  as  far 
as  the  angular  process  for  the  attachment  of  the  prepubis.  This  process 
is  everted  from  the  brim  of  the  pelvis,  and  is  tipped  with  a  small,  oval, 
cartilaginous  or  articular  surface.  From  this  surface  the  margin,  some- 
what thicker,  recedes  in  a  straight  line  to  the  beginning  of  the  median 
symphysis,  The  symphysial  margin  is  thin  and  nearly  straight.  For 
the  first  fourth  of  its  length  it  seems  to  meet  its  mate,  it  at  all,  in  an 
harmonious  suture,  and  the  symphysis  in  front  may  have  been  somewhat 
rounded  or  subangular:  beyond  this,  however,  the  two  bones  meet  in  a 
very  oblique  surface,  attaining  a  width  of  four  or  five  millimeters  poste- 
riorly, and  the  two  bones  must  have  formed  a  thin  and  sharp  keel  when 
conjoined.  The  posterior  border  is  somewhat  thicker  than  the  anterior 
one.  It  begins  in  a  rather  acute  rounded  angle  at  the  base  of  the 
posterior  process  of  the  ilium,  and  is  directed  backward  and  ventrad  to 
the  angular  extremity  of  the  symphysis.  The  large  rounded  ischiadic 
(obturator)  foramen  is  situated  in  front  of  the  middle  of  the  bone, 
almost  directly  ventrad  to  the  acetabulum;  its  borders  are  smooth  and 
thin.  Between  this  foramen  and  the  margin  of  the  ilium,  there  is  a  con- 
siderable convexity,  representing  the  floor  of  .the  acetabulum.  Its  dorsal 
margin  must  be  nearly  over  the  line  of  the  sacrum.  The  junction  of  the 
innominate  with  the  sacrum  is  by  a  narrow  concave  sutural  surface,  fitting 
on  the  margin  of  the  sacrum;  in  front  there  is  a  considerable  ova!  surface 
on  the  anterior  part  of  the  bone,  which  fits  into  the  depressed  surface 
already  described,  on  the  sides  of  the  sacrum.  Posteriorly,  also,  the  pro- 
jection of  the  ilium  has  a  little  broader  attachment.  Dorsad  to  this 
junction  the  ilium  seems  to  have  projected  beyond  the' margin  of  the 
sacrum  slightly  in  the  middle,  expanding  in  the  angular  process  already 
described. 

Prepubes.    PI.  XLI,  Fig.  i,  pp.     The  prcpubes  are  very  nearly  as  they 
are  in  Pteranodon,  consisting  of  a  flat,  transverse  ribbon-like  band  meet- 
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ing  in  a  somewhat  angularly  expanded  median  symphysis,  which  is  thor- 
oughly co-ossified,  and  with  an  anteriorly  directed,  somewhat  divergent, 
fiat,  and  obtusely  pointed  anterior  process  at  each  side,  the  continuation 
of  the  posterior  flattened  portion  which  joins  the  pectineal  process  on 
the  everted  margin  of  the  pelvis.  This  process  is  somewhat  thickened 
at  its  posterior  extremity,  and  is  of  about  the  same  width  as  the  other 
parts  of  the  bone.  The  bone  in  the  specimen  had  been  torn  apart  at  the 
symphysis,  each  half  remaining  in  partial  juxtaposition  with  the  corre- 
sponding half  of  the  pelvis.  As  flattened  out  the  conjoined  bone  is 
much  too  wide  transversely  to  articulate  with  the  surfaces  on  the  margin 
of  the  pelvis;  too  wide  even  in  the  flattened-out  position  of  these  parts. 
It  seems  certain  that  the  extremities  must  have  articulated  with  the 
processes  described,  quite  as  I  have  already  described  the  conditions  in  the 
pelvis  of  Pteranodon^  and  it  therefore  follows  that  the  bone  in  life  must 
have  had  a  considerable  convexity,  in  a  broad,  U-shaped  form. 

There  are  no  indications  of  any  sutural  connection  in  the  bones  of 
the  pelvis,  except  such  as  I  have  described  with  the  sacrum  and  between 
the  two  halves.  Nevertheless,  the  presence  of  the  large  foramen,  the 
general  shape  of  the  bone  and  the  position  of  the  acetabulam  would  be  as 
one  would  expect  were  there  really  the  three  elements  present.  A  suture 
between  the  ischium  and  pubis  is  scarcely  to  be  expected,  in  consideration 
of  the  obliteration  of  the  sutures  elsewhere  in  the  skeleton.  I  am  there- 
fore inclined  to  look  with  favor  upon  the  view,  long  held  by  Seeley,  that 
the  pelvis  is  of  the  normal  reptilian  structure,  and  that  the  bones  in  front 
really  do  not  belong  to  it.  It  seems  very  probable  that  the  anterior  pro- 
longations of  the  prepubes  come  in  contact  with  the  posterior  ends  of 
the  parasternum,  and  that  the  whole  bone  is  merely  a  continuation  of  the 
abdominal  armature.  However,  I  must  admit  that  the  persistence  of  the 
sacral  and  symphysial  sutures,  permitting  the  pelvis  to  drop  apart  without 
distortion,  and  the  utter  obliteration  of  any  ischio-pubic  suture  is 
inexplicable. 

**  Naturalists  have  been  uncertain  as  to  the  number  of  bones  in  the 
pelvis  of  pterodactyls,  because  the  bones  blend  together  early  in  life,  as 
in  birds.  Some  follow  the  Amphibian  nomenclature,  and  unite  the 
ischium  and  pubis  into  one  bone,  which  is  then  termed  ischium,  when  the 
prepubis  is  termed  the  pubis,  and  regarded  as  removed  from  the 
acetabulum.  There  is  no  ground  for  this  interpretation,  for  the  sutures 
arc  clear  between  the  three  pelvic  bones  in  the  acetabulum  in  some 
specimens,  like  Cycnorphamphus  Fraasiiy  from  Solenhofen  and  some 
examples  of  Ornithocheirus  from  the  Cambridge  Greensand."* 

Bj   modeling  in  cardboard  and  clay  the  bones  of   the  pelvis   and 

*SeeIey,  Dragons  of  the  Air,  p.  94. 
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uniiing  ihcrn  in  a  complete  basin,  with  the  necessary  curvatures,  it 
transpires  that  the  opening  of  the  pelvis  had  a  diameter  of  about  seven- 
eighths  oE  an  inch,  while  the  outlet  could  have  njeasured  but  a  tritte  more 
than  half  an  inch. 

Femur.  PI.  XLIII,  Figs.  4,  5.  Both  femora  are  preserved,  separated 
by  a  short  distance  from  the  pelvis.  The  neck  is  directed  upward  and  at 
a  slight  angle  inward;  it  is  cylindrical,  the  head  only  a  little  dilated  and 
with  its  convexity  only  a  little  oblique  to  the  axis  of  the  bone;  that  is,  the 
plane  of  the  rim  is  nearly,  but  not  quite,  rectangular  to  the  axis  of  the 
shaft.  The  trochanter  stands  a  link  to  the  outer  side  of  the  middle  axis 
of  the  hone.  From  its  upper  angle  a  ridged  process  runs  backward  for  a 
short  distance,  to  the  inner  side  of  which,  a  little  below  the  free,  upper 
concave  margin  of  bone,  there  is  a  small  pneucuatic  opening.  On  the 
outer  side,  the  margin  of  the  shaft  is  convex  for  a  short  distance,  and  is 
then  concave  throughout  to  the  extremity.  On  the  inner  side  above,  the 
margin  is  correspondingly  concave;  below  this  to  the  condyle  it  is  con- 
vex. The  upper  part  of  the  bone  was  evidently,  in  life,  nearly  cylindrical; 
below  it  seems  to  have  been  wider  and  somewhat  flattened.  Near  the 
middle  behind,  beginning  a  little  above  the  condylar  surface,  there  is  a. 
narrow,  elongated,  longitudinal  ridge  for  the  attachment  of  a  muscle. 
The  distal  articular  surface  cannot  be  clearly  made  out  in  the  crushed 
specimens.  The  bone  had  in  life,  apparently,  a  marked  anterior  curva- 
ture, as  in  PirraiiodoTi. 


Length - 81 

Diameter  of  ueck.- 6 

Diameter  of  shaft,  upper  third  . .- --  7 

Diameter  throuph  condyles  as  crushed - 13 

Femur  ol  FleranoJoii  iiigeits  Marsh,  PI.  XLIII,  Figs.  1-3.  The  con- 
vexity of  the  head  is  regular,  covering  nearly  half  of  a  circle  transversely, 
probably  a  little  less  in  the  conjugate  diameter,  the  surface  thus  forming 
an  oval  or  ovale  figure,  the  plane  of  whose  base  is  nearly  at  right  angles 
10  the  long  diameter  of  the  bone.  The  convex  surface  is  sharply  limited 
from  the  neck.  The  neck  is  cylindrical,  rather  stout,  and  is  directed 
nearly  vertically  downward.  The  rounded  and  moderately  prominent 
trochanter  is  placed  over  the  middle  of  the  shaft,  descending  into  the 
concavity  at  the  side  of  the  neck,  and  externally  separated  from  the 
margin  of  the  bone.  The  shaft  is  nearly  of  equal  width  throughout; 
doubtless  in  life  it  was  nearly  cylindrical,  with  a  strong  anterior  curvature, 
and  a  flattening  in  the  popliteal  region.  The  sharp  margin  of  the  inner 
condyle  encompasses  nearly  half  a  circle.     The  outer  condyle,  though 
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extending  further,  is  much  less  in  extent.  The  inner  distal  articular  sur- 
face is  the  larger,  and  is  separated  from  the  inner  surface  by  a  distinct 
xidge,  especially  posteriorly. 

Tibia,  PI.  XLIV,  Fig.  3.  The  tibia  is  a  slender,  straight  bone,  mod- 
erately expanded  at  the  upper  extremity.  The  margin  of  the  articular 
surface  above  is  nearly  transverse  to  the  longitudinal  axis.  The  width 
contracts  chiefly  at  the  expense  of  the  posterior  margin  to  the  lower  part 
of  the  upper  fourth  of  the  bone,  the  shaft  below  being  of  nearly  uniform 
-"vidth.  The  trochlear  surface  at  the  distal  extremity  is  pulley-shaped, 
<:overing  about  half  of  a  circle,  perhaps  more,  and  has  a  moderately 
<ieep  groove.  The  sutural  union  between  the  tibia  proper  and  the  prox- 
imal tarsal  bone,  or  bones,  is  entirely  obliterated.  The  bones  of  the  two 
sides  are  compressed  in  different  positions,  the  left  one  from  the  side,  the 
:aright  one  from  nearly  in  front  ;  the  width  above  is  considerably  greater 
in  the  former  than  in  the  latter,  indicating  but  comparatively  little  ex- 
3)ansion  of  the  upper  part  from  side  to  side. 

There  is  no  trace  of  any  fibula,  either  in  the  preserved  remains  or  in 
<5iny  tibial  articulation. 

MEASUREMENTS   OF  TIBIA. 

mm. 

Xength — —  133(132) 

"Width  above .-  15  (  11) 

"Width  of  shaft  at  upper  end  of  middle  third 7(    6) 

^idth,  lower  third .- 6(    6) 

^ntero-posterior  diameter  of  trochlea 6(    6) 

Foot,  But  a  single  metatarsal  and  one  phalange  are  present  in  this 
specimen.  These,  however,  agree  so  well  with  the  corresponding  bones 
of  Pteranodon  that  I  doubt  not  the  foot  was  quite  similar  to  that  of  the 
former  genus.  This  metatarsal  is  expanded  at  its  proximal  end  and 
gently  convex  on  the  trochlear  end.  It  measures  35  mm.  in  length,  2  mm. 
in  width  at  the  upper  fourth  and  4  mm.  at  either  extremity.  The  bone  is 
compressed  from  side  to  side.  The  phalange,  flattened  on  the  side,  has 
a  length  of  14  mm.  The  distal  end  has  the  extremity  convex,  its  chord 
rectangular  to  the  long  axis  of  the  bone  ;  its  width  is  3  mm.  The 
proximal  end  is  truncated  or  gently  concave  ;  its  width  is  about  4  mm. 
The  shaft  in  the  middle  is  scarcely  narrowed  from  the  proximal  end.  I 
repeat  here,  briefly,  the  description  of  the  foot  of  Pteranodon^  from  my 
paper  in  the  Kansas  University  Quarterly,  vol.  vi,  page  50,  with  some 
changes. 

The  first  four  metatarsals  are  very  slender,  straight,  and  contiguous 
with  each  other,  each  having  a  flattened  proximal  articular  surface  and 
a  rounded  trochlear  distal  extremity.     The  metatarsal  of  the  fifth  toe  is 
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rudituenlary,  subtriangular  JD  shape,  with  the  obtusely  poiDted  distal  part 
curved,  altogether  resembling  an  obtuse  claw.  The  first  toe  has  a  single 
phalange,  which  is  long,  cylindrical,  gently  curved,  and  obtusely  pointed. 
The  second  toe  has  two  phalanges,  the  first  of  which  is  elongate  and 
grooved  with  a  distal  trochlear  articulation.  The  second  phalange 
resembles  the  first  of  the  first  toe,  but  is  shorter.  The  third  toe  has  four 
phalanges,  the  proximal  one  of  which  is  like  that  of  the  second  toe,  but 
is  elongate;  the  second  is  broader  than  long;  the  third  is  like  the  first,  but 
is  shorter;  the  fourth  is  a  short,  scarcely  curved  and  obtusely  pointed  claw. 
The  fourth  toe  has  five  phalanges,  of  which  the  first,  fourth,  and  fifth 
resemble  the  first,  third,  and  fourth  of  the  third  toe,  the  second  and  third 
the  second  of  the  same  toe.  This  toe  is  the  longest.  The  fifth  has  no 
phalanges.  I  may  add  that  the  foot  from  which  these  measurements  were 
taken  was  found  together,  with  the  bones  in  place  or  but  little  displaced, 
and  has  been  so  tnounled  in  the  University  of  Kansas  Museum.  I  have 
repeatedly  examined  these  bones,  and  am  confident  that  the  number  of 
phalanges  are  as  I  have  given  them  ;  that  is.  there  is  an  absence  of  the 
claws  on  the  first  and  second  toes.  The  measurements  of  this  speciotCD 
are  as  follows  : 

Femur,  length _ — _ _ sfio 

Diameterof  head  — — - - ao 

Width  of  condyles - - -     30 

Tibia,  length -- 362 

Metatarsals,  length 101,  105,95,80,  25 

Phalange,  first  digit,  leiigtii li 

Phalanges,  second  digit,  length _ 25,  31 

Phalanges,  third  digit,  length - -35,4.  27.  12 

Phalanges,  fourth  digit,  length 40,3,  3,  26,  12 

Ossified  tendons.  Numerous  thin,  flat,  striated  bones  are  lying  on 
the  matrix  associated  with  the  anterior  extremity,  which  can  only  be 
regarded  as  tendinous  ossifications.  One  of  these  on  each  side  is  lying 
by  the  side  or  upon  the  pteroid  bone,  with  its  pointed  extremity  near 
its  proximal  end.  They  measure  one  hundred  to  one  hundred  and  twenty 
millimeters  in  length,  with  a  greatest  breadth  of  twelve  millimeters.  Two 
others  are  lying  by  the  side  of  the  proximal  end  of  the  right  wing 
metacarpal;  they  are  somewhat  shorter  and  have  the  flattened  fimbri- 
ated end  distad.  Another  is  lying  by  the  side  of  the  distal  end  of  the 
same  bone.  There  is  a  shorter,  more  fan-shaped  one  by  the  right  humerus, 
and  fragments  of  others  are  scattered  about  the  arms.  Altogether  there 
are  seven  of  these  of  about  one  hundred  millimeters  in  length.  Their 
texture  is  striate,  as  though  composed  of  slender,  ossified,  tendinous  fibers. 
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altogether  reminding  one  very  much  of  similar  tendinous  ossifications 
in  the  legs  of  many  birds. 

A  number  of  other  slender,  rib-like,  more  or  less  fragmentary  bones 
are  observed  scattered  about  the  slab  near  the  body  of  the  specimen, 
of  which  I  am  not  at  all  certain,  though  I  suspect  that  some  of  them 
are  ventral  ribs,  perhaps  attached  during  life  to  the  extremity  of  the 
flat  parasternal  structures  already  described.  One  of  these  bones,  lying 
by  the  lateral  margin  of  the  sacrum  is  about  forty  millimeters  in  length 
and  is  gently  curved.  It  is  flattened  at  one.  end,  measuring  nearly  three 
millimeters  in  width,  cylindrical  at  the  other,  and  not  more  than  one 
millimeter  wide.  Another,  lying  back  of  the  pelvis,  of  about  the  same 
length  is  also  slightly  curved,  one  millimeter  wide  at  one  end  and 
about  three-tenths  of  a  millimeter  in  width  at  the  other  end.  There 
are  also  parts  of  several  other  bones  which  seem  to  be  similar  to  these. 

SYSTEMATIC   POSITION. 

Three  specimens  ascribed  to  Nyctosaurus  are  now  known  —  the  type 
described  briefly  by  Marsh,  the  one  in  the  University  of  Kansas  Museum 
described  by  me  in  1892,  and  the  present  one.  Marsh  must  have  known 
more  than  one  specimen,  however,  in  which  additional  specimens  he 
later  recognized  the  essential  generic  characters.  The  three  specimens 
differ  materially  in  size,  that  described  by  Marsh  being  the  largest,  and 
the  Kansas  University  specimen  the  smallest.  In  the  smallest  speci- 
men the  coracoid  and  scapula  are  still  distinguished  by  a  separable 
suture.  Furthermore,  the  separated  arches  of  the  dorsal  vertebrae,  and 
the  distinction  of  the  elements  of  the  atlas  all  indicate  a  young  animal. 
On  the  other  hand,  the  present  specimen  has  all  of  its  sutures  obliter- 
ated, except  that  between  the  atlantal  intercentrum  and  the  axial  inter- 
centrum,  characters  which  may  be  ascribed  to  an  adult  condition.  Among 
the  characters  given  by  Marsh,  is  the  separated  coracoid  and  scapula, 
but  I  suspect  that  this  was  derived  from  a  smaller  specimen  than  the 
one  which  he  originally  named  Pteranodon  gracilis,  I  do  not  think 
that  the  absolute  differences  in  size  are  sufficient  to  separate  the  speci- 
mens speciflcally,  in  that  we  know  that  similar  differences  are  ascribed 
to  other  pterodactyls  by  some  authors.  In  order,  however,  to  make  the 
comparative  differences  between  these  specimens  clearer  I  have  reduced 
them  to  a  common  standard,  using  the  humerus  as  100  in  each.  In  addi- 
tion, I  give  like  comparative  measurements  of  certain  species  of  Pterodac- 
tyluSy  derived  from  figures  given  by  Zittel: 
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It  a  obsenred  tbM  tbere  »  ■  strikiog  a^renicai  in  Uiese  sp«cimeiis> 
esoepi  in  (be  meucarpalt,  ibe  diSerenoes  elsewhere  beisg  scarcely  mon 
thaa  ooe  miglu  espcct  in  tfae  tataaanaxnt  at  boats  diSetesilr  affected 
bjr  ibc  coapTCSsioa  U)  which  they  have  been  subjected,  Xo«,  w  miy 
oomider  this  varUtion  of  specific  rala«  aad  give  to  each  of  these  three 
spcciineiis  a  diSerent  aame;  or  we  duj.  as  is  br  more  t»soiiable, 
coonder  the  metaciupal  as  a  nuiabic  bone  ia  the  (odtridnal,  as  ii  is 
in  the  spccia  and  arroups,  aod  refer  Ihem  sll  to  one  species.  This 
I  have  DO  besitaiioD  in  doing.  There  is,  then,  bat  a  single  species 
of  Nyctosauriti  now  known  among  the  specimens  referred  to  the  genus; 
it  should  be  called  Nydoiaurus  gracilU  Marsh. 

In  specimens  of  Pleranodon  ingens  there  is  Qo;  a  little  variation  in 
si^e,  especially  in  the  length  of  the  wing  metacarpal,  which  I  have 
observed  10  vary  from  580  to  615  millimeters,  the  longest  that  1  have 
ever  known  from  the  Kansas  chalk.  It  is  very  certain,  I  think,  that 
absolute  identity  of  size  cannot  be  relied  upon  to  distinguish  the  differ- 
ent species  of  pterodactyls,  nor  do  I  think  that  the  relative  or  propor- 
tional lengths  of  the  finger  bones  should  receive  too'  much  weight; 
ihe  different  species  evidently  varied  individually  within  certain  limits. 

In  my  first  paper  on  Nydosaurus,  I  discussed  briefly  the  so-called 
species  of  Pteranodon,  P.  nanus,  and  P.  comptus,  suspecting  thai  one  or 
both  of  them  belonged  with  Nyctomurus. 

A  wider  acquaintance  with  Kansas  pterodactyls,  both  in  the  laboratory 
and  in  the  field  strengthens  my  belief  that  both  of  these  names  are 
synonyms  of  N,  gradlis. 

No  small  species  from  the  Kansas  chalk  can  be  referred  definitely  to 
PteranodoH.  so  far  as  my  own  knowledge  goes,  and  I  have  seen  hundreds 
of  specimens.  P.  nanus  presenis  the  strong  lateral  crest  of  the  humerus 
which  I  am  satisfied  is  a  diagnostic  characteristic  of    Pteranodon.     Al- 
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though  the  author  expressly  stated  that  the  "coracoid  and  scapula  were 
firmly  anchylosed"  a  character  seen  in  the  present  specimen  of  Nycto- 
saurus,  I  feel  pretty  confident  that  the  type  of  F,  nanus  does  not  have  the 
articular  extremity  of  the  scapula  so  characteristic  of  Nyctosaurus.  The 
description  of  P.  comptus  might  apply,  except  in  size,  to  either  Nycto- 
saurus or  Pteranodon,  I  refer  the  species  to  the  former  genus  because  of 
its  small  size,  but  its  synonymy  is  not  assured.  That  a  better  basis  for  an 
opinion  may  be  given  the  reader,  I  here  reproduce  all  that  Marsh  has 
written  upon  Nyctosaurus  and  the  two  small  species  which  he  referred  to 
Pteranodon, 

*'  One  of  the  smallest  American  species  yet  found  is  represented  in  the 
Yale  Museum  by  several  bones  of  the  wing,  a  number  of  vertebrae  and 
the  nearly  complete  pelvis.  The  wing  bones  preserved  are  elongated 
and  very  slender.  The  pelvis  is  unusually  small,  and  there  are  five 
vertebrae  in  the  sacrum.  The  last  of  the  series  indicates  that  the  tail  was 
short.     The  following  are  the  principal  dimensions  of  this  specimen: 

mm. 

Length  of  ulna 187 

Length  of  metacarpal  of  wing  finger 300 

-Antcro-postcrior  diameter  of  outer  condyle  at  distal  end. .--  15 

Tranvcrse  diameter  of  shaft,  above  condyles -.. 13 

Length  of  first  phalanx  of  wing  finger 347 

!£xtent  of  five  vertebrae  of  sacrum.-. - 57 

"This  species,  which  may  be  called  Pteranodon  gracilis^  was  about  two- 
thirds  the  size  of  P,  velox  Marsh.  It  probably  measured  about  ten  feet 
between  the  tips  of  the  expanded  wings.'** 

"  Pteranodon  comptus,  sp.  nov.  The  smallest  Pterodactyle  known  from 
American  strata  is  indicated  by  portions  of  three  skeletons  in  the  Yale 
Museum.  Among  these  remains  are  two  distal  ends  of  the  characteristic 
metacarpal  of  the  wing  finger,  other  portions  of  the  wing  bones,  and  two 
sacral  vertebrae.  The  large  metacarpal  is  very  slender  and  elongated, 
and  its  outer  distal  condyle  has  its  superior  margin  elevated  above  the 
shaft,  and  terminated  proximally  in  a  point.  The  ulna  is  comparatively 
large,  and  the  proximal  carpal  has  an  oval  air  cavity  on  its  radial  side. 
The  sacral  vertebrae  have  their  centra  short,  and  medially  constricted. 

"  The  principal  measurements  of  the  remains  of  this  species  are  as  follows  : 

mm. 

Greatest  diameter  of  ulna  at  distal  end .— 15 

Transverse  diameter  of  proximal  carpal 17 

Antcro-postcrior  diameter  of  outer  distal  condyle  of  wing  metacarpal 12.8 

Longitudinal  extent  of  condyle 11.6 

Transverse  diameter  of  shaft  above  condyle - 11.5 

Length  of  medial  sacral  vertebra - - 9 

Transverse  diameter  of  centrum - —    8.4 

*  Marsh,  Amer.  Joum.  Sci.  June,  1876,  p.  $08. 
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"The  above  Bpecimens  xn  at)  from  the  Upper  Cretaceous  of  Wesiem 
Kaiuu."* 

"  ^jtetaiaurtit,  gen.,  nov."  A  second  genus  of  Americaa  Pierodactyis 
is  rcpmculcd  in  itic  Va)c  MuMum  by  several  well-preserved  specimens. 
Thit  genui  Is  nearly  related  lo  Pteratoden.  but  may  be  readily  distin- 
(ulihcd  from  it  by  the  scapular  arch,  in  which  the  coracoid  is  not  co  ossi- 
fied with  the  scapula.  The  latter  bone.  luoreoveT.  has  do  articulation  at 
the  distal  end,  which  is  comparatively  thin  and  expanded.  The  type  of 
this  geiiui  is  Pleranodoit  gractiu  Marsh,  which  may  now  be  called  Sytrto- 
Murut  gradlU.  It  was  a  I'tcrodaciyl  of  medium  size,  measuring  about 
eight  to  ten  feet  between  the  lipx  of  the  expanded  wings.  Its  locality  is 
In  the  Upper  Cretaceous  of  Western  Kansas.  The  type  specimens  of  all 
the  above  species  are  prenerved  in  the  Museum  of  Yale  Collegc."f 

•'  In  the  same  geological  horizon  with  the  gigantic  forms  {Ptcrano- 
don  beds)  the  remains  of  a  single  small  Pterodactyl  have  been  found. 
This  animal  was  more  diminutive  than  the  Jurassic  species  \DermodaclyIus 
mttn/anui],  having  a  spread  of  wings  not  more  than  three  or  four 
feci.  The  jaws  were  proportionally  more  slender  than  in  the  larger  Cre- 
taceous species,  and  no  teeth  have  been  found  with  them.  The  humerus 
had  n  small  head  and  an  enormous  radial  crest,  which  curved  downwards. 
The  scapula  and  coracoid  were  firmly  ankylosed.  Some  of  the  trunk 
vertebrse  have  very  long  transverse  processes,  or  ankylosed  ribs,  curved 
backward.     Some  dimensions  of  this  specimen  are  as  follows : 

Lftigth  ci[  humerus    fij 

(Irciitest  diamc-ter  of  head 12 

Transverse  diameler  acri>S8  radial  "crest 30 

Grenlcst  diameler  cif  distal  end 16 

Verlicid  diameter  uf  humeral  glenoid  cavity 13 

Transverse  diameter - 6 

"Tills  species  may  be  called  Pteranodon  nanus.  Its  known  remains 
were  found  by  Mr.  S.  W.  Willision,  in  the  Middle  Cretaceous  of  Western 
Kansas."* 

"The  name  ?t'y(/os<turus,  applied  by  the  writer  to  this  group,  appears 
to  have  been  preoccupied,  and  hence  may  be  replaced  by  Nyctodactylus. 
The  only  species  known  is  Xyitodadylus  grariiis." 

It  is  seen  that  hut  five  venebric  are  referred  to  the  sacrum  of  the 
type  o(  Xy,-/,>saiiriis  graci/is  ;  if  this  be  a  real  character  one  would  not 
ijuestum  the  distinctness  of  the  species.  Inasmuch  as  Pteranodon  has 
six  vertcbrK  in  the  sacrum  and  one  or  more  lumbars  or  false  sacrals,  as  in 
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the  present  specimen  of  Nyctosaurus,  I  believe  that  this  number  will  be 
found  common  to  all  the  Kansas  pterodactyls.  I  think  that  Marsh  must 
have  been  in  error  in  ascribing  but  five  to  the  sacrum.  Should  he,  how- 
ever, be  correct  I  would  suggest  the  name  N.  leptodactylus  for  the  present 

I 

species. 

In  view  of  the  foregoing  I  offer  the  following  as  the  synonymy  of 
this  genus  and  species^ 

NYCTOSAURUS. 

Marsh,  Amer.  Journ.  Sci.,  xii,  p.  480,  Dec,  1876.  Nyctodactylus 
Marsh,  Amer.  Journ.  Sci.,  xxii,  p.  343,  April,  1881  ;  ibid.,  xxvii,  p.  423, 
May,  1884.  Williston,  Kans.  Univ.  Quart.,  i,  p.  2,  5,  1893;  Journ.  Anat- 
omy, i,  p.  297,  1902  ;  Journ.  Geology,  x,  p.  520,  July-Aug.  1902. 

NYCTOSAURUS    GRACILIS. 

Pteranodon  gracilis  Marsh,  Amer.  Journ.  Sci.,  xi,  p.  508,  June,  1876. 

Nyctosaurus  gracilis  Marsh,  Amer.  Journ.  Sci.  xii,  p.  480,  Dec.  1876. 

Nyctodactylus  gracilis  Marsh,  Amer.  Journ.  Sci.  xxi,  p.  343,  April, 
1 881;  Williston,  Kans.  Univ.  Quart.,  i,  p.  ii,  1893;  ZitteFs  Paleontology 
(Eastman),  vol.  ii,  p.  255,  Fig.  361,  1902. 

(?)  Pteranodon  comptus  Marsh,  Amer.  Journ.  Sci.  xi,  508,  June,  1876; 
Williston,  Kans.  Univ.  Quart,  i,  p.  11,  June,  1893. 

(?)  Pteranodon  nanus  Marsh,  Amer.  Journ.  Sci.,  April,  1881,  p.  343; 
Williston,  Kans.  Univ.  Quart,  i,  p.  11,  June,  1893. 

Of  the  remaining  species  of  Kansas  pterodactyls,  six  have  been 
described,  two  of  which,  P.  umbrosus  zw^  P.  harpyia  Cope,  are  admittedly 
identical  with  previously  described  forms,  leaving  ingens^  occidentalism  velox, 
and  longiceps  Marsh.  No  real  attempt  was  made  to  separate  P.  longi- 
ceps  from  those  previously  named,  nor  could  there  have  been,  since  only 
the  skull  was  known  in  this  species  lo  the  describer,  while  the  skull  was 
not  known  in  either  of  the  other  species.  It  may  be  identical  with 
either  occidentalis  or  velox,  possibly  with  both.  The  characters  given  by 
Marsh  to  distinguish  the  species  have  little  value,  though  I  believe  there 
are  three  distinct  ones  of  the  genus,  known  from  the  Kansas  chalk. 
Two  of  these  species  are  at  once  distinguishable  by  the  structure  of  the 
humerus,  especially  of  its  radial  or  lateral  crest.  In  P.  ingens  this  crest 
is  rounded  and  obtuse;  in  one  or  the  other  of  the  smaller  forms  it  is  more 
elongate  and  of  a  different  shape.  Furthermore,  among  the  smaller 
specimens  there  appear  to  be  two  different  types  of  terminal  wing  pha- 
lange, one  nearly  straight  and  the  other  curved  falciform,  as  in  P.  ingens. 
If  the  smaller  form  with  the  curved  phalange  should  prove  not  to  be  the 
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young  of  F.  ingens,  as  is  not  likely,  then  we  have  at  least  three  distinctly 
dificrent  species  of  the  genus,  perhaps  a  fourth  in  P.  comptus. 


A  much  more  interesting  question  is  :  What  relation  do  the  genera, 
Nyctosaurus,  Ornilhocheirus,  and  Pleranodon  [Ormtkostomd)  bear  to  each 
other  and  to  Pterodaclylui  f  • 

The  classification  which  has  hitherto  seemed  the  best  to  display  the 
relationship  of  these  forms  is  the  following  : 

Suborder  Pterodactyloidea.  Tail  short;  wing  metacarpal,  at  least  as 
long  as  the  bones  of  the  antebrachium;  fifth  digit  of  pes  vestigial,  with- 
out phalanges. 

Family  Pterodactylidae.  Scapula  not  articulating  with  supraneural 
facet. 

Genus  Pterodacrylus.     Teelh  present. 

Genus  Nyitosaurui.     No  teeth. 

Family  Ornithocheiridie.  Scapula  with  an  articular  facet  united  with 
neural  facet  of  the  notarium. 

Genus  Orniikocheirus.     Jaws  with  teeth. 

Genus  Pteranodon  {Ornithastoma).     Jaws  without  teeth. 

However,  a  belter  knowledge  of  (he  genus  Nyctesaurus  convinces 
mc  that  its  relationship  is  closer  with  Ornilhocheirus  than  with  Pferodaety- 
liis:  that  it  has  i;one  much  further  in  specialization  in  the  same  direction 
with  Orniikocheirus  and  Pteranodon.  Very  little  now  remains  to  be 
known  of  the  osteology  of  both  these  genera,  and  not  much  of  Orni- 
lhocheirus. Their  characters  as  a  group  may  be  summed  up  as  follows. 
While  some  parts  of  the  skeleton  of  Ornithochdrus  are  yet  unknown,  I 
am  confident  that  future  discovery  will  produce  nothing  very  discrepant. 

Ornithothtirida.  Head  elongate,  slender;  no  antorbital  vacuity; 
internal  nares  large ;  eight  cervical,  ten  dorsal  (^Pteranodon  f),  six 
sacral,  and  ten  to  twelve  caudal  vertebras  present,  the  last  dorsal  co-os- 
sified with  the  sacrum;  first  three  or  four  dorsal  vertebra  united  into  a 
notarium,  with  stout,  anchylosed  ribs  articulating  with  the  sternum;  pos- 
terior dorsal  ribs  very  slender,  single-beaded,  and  nearly  straight;  three 
or  four  pairs  of  flattened  V-shaped  ventral  ribs  present.  Ilium  much 
elongated;  ischio-pubis  with  an  obturator  foramen;  prepubes  band-like, 
co-ossified,  with  an  anterior,  flattened  projection  on  each  side.  Coraco- 
scapula  with  only  a  slight  projection  below  the  glenoid  cavity,  co-ossified 
in  the  adult;  scapula  but  little  longer  than  the  coracoid,  not  narrowed 
distally.  Three  carpals  present;  forearm  much  longer  than  humerus;  third 
and  fourth  metacarpals  very  short,  pointed  proximally,  not  articulating 
with  carpus;  second  metacarpal  thread-like  proximally;  fifth  metacarpal 
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much  longer  than  forearm;  phalanges  proportionally  long.  No  fibula 
present;  two  tarsals  only;  fifth  digit  without  phalanges. 

Ornithocheirina,  Upper  end  of  scapula  thickened,  articulating 
with  a  supraneural  plate.     Head  with  a  prominent  parieto-occipital  crest. 

Ornithocheirus,     Jaws  with  teeth. 

Pteranodon  (Ornithostomd),     Jaws  wholly  edentulous. 

Nyctosaurina,  Scapula  flattened  spatulate  above,  not  articulating 
with  supraneural  plate.  Humeral  crest  constricted;  humerus  propor- 
tionally short,  the  digit  long;  no  sagittal  crest. 

Nyctosaurus,  Ornithodesmus  (?). 

In  contradistinction  to  these  characters  I  would  define  the  Ptero- 
dactylidcB  as  follows:  I  have  never  seen  any  specimen  of  this  genus,  and 
must,  therefore,  rely  entirely  upon  the  descriptions  and  figures.  The 
characters  hence  are  in  a  measure  provisional. 

Pterodactylida,  A  distinct  antorbital  foramen  present,  sometimes 
partly  confluent  with  the  nares;  occiput  not  produced,  jaws  always  with 
teeth.  No  consolidation  of  the  thoracic  vertebrae  or  anchylosis  of  the 
sternal  ribs,  the  posterior  ribs  less  slender.  More  than  ten  vertebrae  in 
the  dorsal  region  and  less  than  six  in  the  sacrum.  Prepubes  never  co-ossi- 
fied in  the  middle,  and  without  anterior  prolongation.  Scapula  longer 
than  the  coracoid,  more  or  less  narrowed  distally.  Humerus  and  legs 
relatively  large,  the  forearm  and  wing  finger  relatively  small;  all  the  meta- 
carpals articulating  with  the  carpus.     A  fibula  present. 

I  am  sure  that  all  these  characters  are  generalized  ones,  even  as  the 
genus  is  older  than  those  placed  in  the  first  group.  It  seems  to  me 
especially  that  the  shortening  of  the  back,  the  consolidation  of  the  early 
dorsal  vertebrae,  and  the  elongation  of  the  sacrum,  with  the  greater  elonga- 
tion of  the  wing  digit,  are  better  evidences  of  relationships  than  is  the 
presence  of  the  peculias  scapular  articulation. 


Certain  conclusions  as  to  the  habits  of  the  Ornithocheirida^  as  I  here 
define  the  family,  seem  inevitable  from  a  better  knowledge  of  their  struc- 
ture. Some  of  these  conclusions  I  have  already  presented  in  a  former 
paper,  and  a  further  study  only  strengthens  my  belief  in  their  justness. 

The  neck  was  strong,  with  limited  torsion,  but  with  great  power  and 
effectiveness  in  the  antero-posterior  flexion,  thus  rendering  the  beak  very 
effective  in  striking.*  *  The  marked  posterior  projection  of  the  hind 
zygaphophyses  of  the  last  cervical  vertebra,  quite  unlike  those  of  any 
other  vertebrae  in  the  column,  indicates,  not  that  the  neck  turned  back- 


vertical,  antero-posterior  plane,  while  greatly  strengthening  the  joints."— Kans.  Univ.  Quart.,  vi,  p.  39. 
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ward  at  this  place,  but  that  it  cun'ed  forward  more  after  the  way  of  birds, 
a  position  compatible  with  the  upright  attitude.  The  whole  structure 
of  ihe  neck,  the  elongated  vertebra;,  the  transverse  centra,  and  lateral 
cxapophysial  articulations,  the  absence  of  transverse  processes,  all  remind 
one  of  the  neck  in  the  crypiodire  testudinates,  where  the  neck  is  capable 
of  much  and  effective  aniero-posterior  flexion. 

The  articulation  of  the  head  of  the  femur,  with  the  basal  plane  of  its 
convexity  nearly  at  right  angles  to  ihe  long  axis  of  the  bone,  and  the 
posterior  position  of  the  acetabulum,  carry  conviction  to  me  that  the 
femora  could  not  have  been  brought  parallel  in  the  same  direction  with- 
out dislocation  from  the  sockets,  whatever  attitude  the  animal  may 
have  assumed.  The  articulation  of  the  distal  end  of  the  tibia  further- 
more shows  that  the  metatarsus  could  not  have  been  extended  to  a  right 
angle;  that  is,  Pttranodon  could  not  have  been  plantigrade.  The  greater 
extension  must  have  been  between  the  metatarsus  and  phalanges;  in  other 
words,  the  creature  must  have  been  digitigrade  in  ambulation.  The  flat- 
tened proximal  ends  of  the  metatarsals  indicate  a  compact  and  closely 
united  foot,  and  the  bones  have  been  so  found  in  specimens  of  Pleranodou. 
The  toes  in  Puratwiion,  and  doubtless  in  this  genus  also,  were  practically 
clawless,  and  the  outer  toes  were  much  the  longer.  The  animal  was 
incapable  of  seizing  or  holding  with  the  feet. 

Nor  could  a  very  great  flexion  at  the  knee  have  been  possible,  as  I 
think  the  6gures  of  ihe  femur  of  Pumnaiion  iiigfiis  will  indicate.  If 
the  animal  was  quadrupedal,  it  must  have  been  in  a  crawling  attitude, 
wiili  both  legs  and  arms  widely  extended. 

APATOMERUS  MIRUS.  GEN.  ET.  SP.  NOV. 
In  the  University  of  Kansas  Quarterly,  vol.  iii,  p.  3,  I  described  and 
figured  a  remarkable  bone  from  the  Lower  Cretaceous  of  Clark  County, 
Kansas,  which  I  hesitatingly  referred  to  some  crocodile -like  animal, 
because  I  was  at  a  total  loss  where  else  to  place  it.  my  knowledge  of  the 
pterodactyl  anatomy  then  being  less  than  at  present.  The  figure  and 
description  are  reproduced  in  vol.  iv  of  the  University  Geological  Sur- 
vey of  Kansas,  p.  go,  as  follows:  "The  upper  end  of  a  feumr  found  in 
the  same  region  appears  to  belong  to  the  same  kind  of  an  animal,  as 
does  the  vertebra  described  above.  The  shape  is  not  unlike  that  of  a 
human  femur,  with  the  trochanters  evidently  small  and  placed  much 
below  the  level  of  the  head.  The  neck  is  stout,  the  head  gentiv  convex, 
with  an  angular  border.  The  shaft  below  the  trochanters  is  somewhat 
flattened  from  before  backward,  but  becomes  more  cylindrical  below.  The 
shaft  Is  hollow,  with  firm  walls  not  more  than  one-third  of  an  inch  in 
thickness.     The  portion  preserved  measures  zio  mm." 
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-  I  am  now  satisfied  that  the  femur  in  question  belongs  to  a  heavy-boned 
pterodactyl  or  some  allied,  hitherto  unknown,  animal.  The  very  peculiar 
head  of  the  bone  with  its  articular  convexity  directed  upward,  the  posi- 
tion of  the  trochanter,  the  hollow  shaft  and  its  curvature  are  characters 
all  found  in  pterodactyls  and  in  no  other  animals  of  which  I  have  any 
knowledge.  The  entire  length  of  the  bone  must  have  been  about  350  or 
400  mm.,  and  while  the  walls  are  unusually  thick,  they  are  not  propor- 
tionally much  more  so  than  in  Dermodactylus,  the  type  of  which  I 
distinctly  remember.  Dermodactylus  is  from  the  so-called  fresh -water 
beds  of  the  Wyoming  Jurassic,  which  I  have  long  believed  to  be  con- 
temporaneous with  the  Comanche  beds  of  Kansas,  and  which  I  correlate 
-with  the  Wealden  of  Europe.  The  forms  cannot  be  the  same,  since  this 
is  very  much  larger. 

May  14,  1903. 


In  an  article  by  Mr.  F.  A.  Lucas  in  the  Report  of  the  Smithsonian 
Institution  for  1901,  there  is  given  an  excellent  drawing  of  a  skull  of 
J^eranodon  {Ornithostoma),  made  **from  a  specimen  in  the  Yale  University 
Museum."  From  my  recollection  of  various  peculiarities  shown  in  the 
figure,  as  also  from  certain  accidental  peculiarities,  such  as  the  fracture 
of  the  infra-narial  bar,  faithfully  reproduced  in  Professor  Marsh's  drawings, 
I  have  very  little  hesitation  in  saying  that  the  specimen  there  illustrated 
is  the  type  of  the  genus  Pteranodon^  upon  which  was  based  the  figure  so 
long  current  in  text-books.  Should  I  be  in  error  in  this  identification,'  I 
shall  be  glad  to  be  corrected,  hoping,  however,  in  that  case,  that  a  true 
figure  of  the  type  specimen  may  be  published. 

In  the  summer  of  1891,  Professor  E.  C.  Case  and  myself  uncovered 
from  the  firm  yellow  chalk  of  western  Kansas,  the  uninjured  posterior 
part  of  a  skull  of  Pteranodon,  with  its  sagittal-crest  entire  and  evenly 
rounded.  A  figure  of  this  specimen  was  given  in  PI.  I,  Vol.  I,  of  the 
Kansas  University  Quarterly,  to  which  I  beg  to  refer  the  reader.  The 
specimen  is  now  preserved  on  a  slab  in  the  museum  of  the  University  of 
Kansas,  and  I  doubt  not  that  the  crest  as  disclosed  from  the  matrix  and 
as  represented  in  the  figure,  is  all  that  the  animal  possessed  in  life.  Mr. 
G.  F.  Eaton,  however,  in  the  July  number  of  the  American  Journal  of 
Science  takes  me  to  task  for  criticising  the  original  figures  of  Pteranodon, 
which  he  admits  were  faulty,  and  for  my  "restoration"  of  the  skull,  assert- 
ing that  I  was  wrong.  He  now  adds  to  the  type  a  much  longer  crest  than 
did  the  author.  The  basis  for  Professor  Marsh's  restoration  is  shown  in 
Mr.  Lucas's  plate,  if  my  identification  is  correct,  and  the  drawing  has 
been  faithfully  made. 
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I  do  not  criticise  Professor  Marsh  for  making  Ihe  restoration  as  he 
did:  he  was  perhaps  justified,  though  it  might  have  been  better  had  he 
slated  how  much  of  the  restoration  was  conjectural,  and  had  also  pub- 
lished a  figure  o£  the  specimen  as  it  actually  was. 

In  his  present  paper  Mr.  Eaton  says:  "At  the  present  time  of  writing 
an  incomplete  Pterodactyl  skull  is  being  worked  out  at  the  Yale  Museum, 
which  will,  in  nil  probability  prove  to  be  that  of  Nyctodaciylus  Marsh. 
The  crest,  which  is  apparently  entire,  is  of  small  size  compared  with  that 
of  Pleraiwdon,  the  measurement  from  occipital  condyle  to  tip  of  crest 
being  only  49  mm.,  while  the  length  from  occipital  condyle  to  tip  of 
beak  was  approximately  45  cm.  In  general  the  skull  compares  favorably 
with  that  shown  in  Willislon's  restoration  of  Nydodactylus,  given  in  the 
American  Journal  of  Anatomy,  Vol.  I,  No.  3,  May  26,  1902,  where  he 
states  that  the  outline  is  taken  in  part  from  a  specimen  of  PtfranodoH 
Marsh,  or  Orm'thos/oma  Seeley,  as  the  genus  was  then  called.  It  is  there- 
fore fair  to  infer  that  the  apparent  similarity  of  the  two  genera  led  Wil- 
liston  to  draw  inadvertently  upon  the  characters  of  Nyctodaciylus  in  mak- 
ing his  restoration  of  Pteranodon." 

Had  Mr.  Eaton  done  me  the  honor  to  have  read  more  attentively  the 
article  which  he  quotes;  or  had  he  examined  the  extended  article  on  the 
skull  of  Nyctodactylvs  with  plates,  published  in  the  Journal  of  Geology  for 
August,  1902;  or  even  had  he  examined  the  figure  of  the  skull  in  Zittel's 
text-hook  of  Paleoutology,  published  last  aiimnin,  o!  all  of  which  he 
seems  strangely  ignorant,  he  would  have  learned  that  Nydodactylus  has 
no  crest  whatever,  not  even  a  vestige  of  one!  It  is  very  evident,  therefore, 
that  Mr.  Eaton  has  made  the  very  error  which  he  so  freely  suggests  I 
have  made,  and  that  his  specimen  is  in  reality  a  Pteranodon!  1  am 
pleased  to  learn  that  its  "apparently  entire"  "crest"  compares  favorably 
with  that  which  I  have  assigned  to  the  same  genus. 

Now,  since  his  own  observations  show  that  Ptcranodan  may  have  a 
short  crest,  very  much  as  I  have  figured  it,  it  will  be  of  interest  to  learn 
more  fully  his  reasons  for  attaching  the  elongated  crest  he  has  to  the  skull 
as  shown  in  Mr,  Lucas's  figure.  I  furthermore  note  that  Mr.  Eaton  con- 
tinues, in  his  "restoration"  of  the  skull  of  Pteranodon,  the  gravest  of  the 
inaccuracies  of  the  original  figures,  the  absence  of  the  supratemporal 
fossa  and  arch.  If  he  is  correct  in  this,  the  original  reference  of  the 
genus  to  a  distinct  order  of  reptiles  was  justified.  But  we  will  await  fur- 
ther evidence  before  assuming  that  he  is,  and  meanwhile,  it  will  be  unfor- 
tunate if  his  restoration  finds  currency. 

Inasmuch  as  Mr.  Eaton  has  so  clearly  shown  his  ignorance  of  recent 
and  very  accessible  literature  on  the  subject,  it  is  too  much  to  expect  that 
he  would  have  mentioned  the  fact  that  the  pelvis  of  Pteranodon  has  been 
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Fig.  I.    Dorsal  vertebrffl,  ribs,  and  pelvis;  about  tbree-fiftbR  natural  s 
r,  ribs;  i/v,  lumbar  or  false   sacral;  i,  sacrum;  ifi,  ischio-pubis;  ^A,  obturator  for 
amen;  i/,  ilium:  //.  prepubes. 

Fig.  1.    Abdominal  ribs.   About  tlirce-liflhs  ii 

Fig.  3.    Atlanto-axis,  from  the  side.    Twice  natural  site. 

Fig.  4.    The  same  from  behind,  partly  restored. 

Fig.  5.    The  same,  from  in  front;   a,  atlantal  neurapophysia;  a 
i;i,ballof  axis: 
pz,  postiygapophysis. 

Fig.  6.    Hyoid  bone.    Three  limes  natural  siie. 

Fig.  7.     Extremity  <i  of  Fig.  6,  more  enlarged,  from  the  side. 
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Fig.  I.    Stem u m,  [rom  below.    Three-fihhs  □ 

Fig.  3.     Lett  radiu*,  ulna,  and  carpus,  irom  inner  side,  the  carpus  lomewhat 
diiplaccd:  a,  radius;  6,  ulna;  c,  proKJmal  carpal;  i/,  distal  carpal. 
Fig.  3.     Right  lateral  carpal  or  firal  melacarpal. 
Fig.  ^.    Right  pteroid  bone,  from  in  front. 
Fig.  5.    Right  pteroid,  from  behind. 
Fig.  6.    Small  metacarpal.    Twice  itatural  siic 
Fig.  7.     Left  humerus,  from  within. 
All  tbe  figures,  except  as  stated,  natural  size. 


Fij;.  I.     Lett  femur  of  Pteraiioehn  ('n^»ij,  somewhat  obliquely  c< 
from  in  front  showing  dermal  markings.     One-half  n 

Fig.  2.    Tlie  same,  posterior  surface.    One-half  natural  site. 

Fig,  3,     The  same,  distal  end.     One-balE  natural  size. 

Fig.  4.     Right  femur  of  Nyctosanrvs  graHlis,  from  in  front.     Natural  lii 

Fig,  ;.     The  «ame,  from  behind.     Natural  siie. 

Fig,  6.     Lett  coraco.scapula   of   Nyclosaurus  gracilis;  S.  scapula;  e,  c 
cuid;  D,  process  uf  scapula.    Natural  nize. 


Fig.  7. 
natural  %ue. 

Fig.  S. 
obliquely  fro 
natural  >ite. 

Fig,  9, 

Fig,  10. 

Natural  size. 


First  ilorsal  vertebra  of  Ny£tesauriis  gracilis,  from  in  frii 


Eighth  cervical  vertebra  uf   Nycttiaurus  gracUis,^^  compressed, 
n  l>i'hm<lt    i,  spine;  *,  ball;  d,  diapuphysis;  e,  cxapophysis.     Twice 


Metatarsal  of  Nyclosaurus  graciOs.     Natural  size. 
Right  distal  carpal  of  Nyclosaurus  gracilis,  obliquely  from  behind. 


:audal  or  caudo-sacral  vertebra  of  Nyclosaurus  gracilis. 
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SEOLOaV,  PLATE  XLIII. 


Fig.  1.  Fiight  firsl  wing  phalange  uf  iS'vdostiurus  gra,-ilis.  One-half  nat- 
ural size. 

Fig.  2.  Kigbi  wing  nifiacarpal  of  NycKiaumt graeilu,  from  bctow.  One- 
half  natural  siie. 

1'  is-  3-    Tibia  ol  Nyrtosaurus  gracilis,  from  Ihe  »ide.    Natural  size. 

Fig.  4.  Lefl  femur  nf  /'/ifan^iriwi  <ii.-inf]'r'HM/u(?)  Marsh,  from  behind.  One- 
half  natural  siie. 

Fig.  ;.  Kighi  seomd  wing  phalange  ol  Nyctotaurus  gracilis,  from  behind. 
One-hall  natural  size. 

Fig.  6.  Posterior  cervical  vertebra  of  SycUtsaums  gracilis,  from  the  side. 
,    Twice  natural  siie. 

Fi^.  7.     Fifth  cervical  vertebra  of  Nyctosaurus  gracilis,  from  above.    Twice 


Fig.  ! 


Lateral  carpal  of  Pteranodon   ingtns,  after   Cope.     One-hall   : 
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Plate  XLV. 
apat08auru8. 
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STRUCTURE   AND   RELATIONSHIPS   OF  OPISTHOCCELIAN 

DINOSAURS. 

PART  I. 

APATOSAURUS*   MARSH. 


BY  E.  S.  RIGGS. 


The  gtnus  Brontosaurus  Marsh  was  described  f  in  1879  from  a 
well  preserved  skeleton  found  near  Lake  Como,  Wyoming.  The 
completeness  of  this  specimen  and  the  widely  published  restorations 
based  upon  it  have  caused  this  genus  to  be  long  regarded  as  the  best 
known  of  all  the  American  Opisthocoelia.  J  However,  many  questions 
of  morphology  were  left  in  doubt  by  this  famous  specimen.  No  skull 
which  could  be  identified  with  the  genus  has  ever  been  described;  that 
figured  in  Marsh's  restoration  is  based  upon  a  comparison  with  the 
skull  of  Morosaurus.  The  structure  of  the  hind  feet  was  not  made 
clear  until  figured  by  Osborn  in  i899,§  while  the  structure  of  the  fore 
foot  remained  a  matter  of  conjecture  until  figured  by  Hatcher  in  1902. 1| 
The  vertebral  formula  of  the  dorsal  and  caudal  series,  as  well  as  many 
sacral  and  pelvic  characters,  has  remained  to  be  determined  by  an 
unusually  well  preserved  skeleton  just  placed  upon  exhibition  in  the 
Field  Columbian  Museum. 

The  specimen  under  consideration  (Mus.  No.  7163)  was  collected 
by  the  Museum  Paleontological  Expedition  of  1 901,  in  charge  of  the 
writer,  ably  assisted  by  Mr.  H.  W.  Menke.  It  was  found  in  the  Grand 
River  Valley  near  Fruita,  Colorado,  in  a  geological  horizon^  probably 
equivalent  to  the  Como  Beds  of  Wyoming.  The  specimen  was  discov- 
ered in  the  fall  of  1900,  hut  owing  to  the  lateness  of  the  season,  its 
removal  was  deferred  until  the  following  spring. 

When  found  the  last  cervical  vertebra  was  projecting  from  a  steep 
hillside.  The  thoracic  series  led  diagonally  into  the  face  of  the  hill, 
leaving  the  distal  ends  of  a  number  of  ribs  exposed  and  partially  broken 

*  BrontosauTus^  Marsh,  is  shown  to  be  a  synonym  of  A/aiosaurus. 

♦  Am.  Jour.  Sc.  Vol.  xviii',  p.  503. 

^Sauropoda  and  Cctiosauria  are  shown  to  be  synonyms  of  Opisthoc(L'Iia. 
gBuU.  Am.  Mus.  of  Nat.  Hist.,  Vol.  xii,  pp.  161-172. 
.  Annals  of  the  Carne^'ie  Museum,  Vol.  i,  pp.  i«6-7n, 

•"i  See  "The  Dinosaur  Beds  of  the  Grand  River  Valley  of  Colorado,"  this  publication, 
Geol.  Series,  No.  9. 

Field  Col.  Mus.,  Geol.  Shr.,  Vol.  II,  .No.  4. 
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awif.  Tea  feet  farther  along  the  bank  the  distal  end  of  the  fenttr 
appeared.  So  hard  was  the  concretioaiiry  matris.  in  which  the  skele- 
ton was  encased,  that  drills  and  d)'aa3iiie  were  at  ooce  called  into 
MTVtn:  in  order  to  make  the  excavati^ii  necessary  for  its  removal. 
When  the  pelvis  was  reached  the  face  of  the  stripping  was  eighteen  feet 
in  height.  From  this  point  the  series  of  caudal  rertebrse  carved  back- 
ward, and  dipping  rapidly  with  the  strata,  led  almost  directly  into  the 
hillside.  These  conditions  made  it  necessary  to  resort  to  tunneling. 
Accordingly  a  chamber  twenty  feet  in  length  by  eight  feet  in  breadth 
wa»  excavated  before  the  search  for  displaced  caudal  vertebrae  was 
abandoned. 

The  specimen  as  a  whole  was  lying  upon  its  right  side,  and  appar-   , 
ently   the   entire   skeleton   had    been   present   when   embedded.      The 
cervical  vertebrx   and  the  fore  legs  had  been  carried   away  by  a  pro- 
cess of  erosion  so  slow  that  comparatively  few  fragments  were  found 
tipon  the  surface.     The  vertebra  from  the  last  cervical  to  the  thir- 
teenth caudal  were  but  slightly  displaced  from  their  normal  positions. 
(Sec   frontispiece.)     The   remaining   ten    caudal    vertebra;    recovered 
were  found  more  and  more  dissociated,  until  tunneling  for  ihem  became 
unprofitable.     Some  of  the  chevrons  were  associated  with  the  veriebrx, 
bnt  most  of  them  were  displaced.     The  ribs  were  found  in  close  ap-    i 
position  with  their  respective  vertebrie.     The  right  ilium  was  in  posi-  i 
tion  and  coossified  with  the  sacrum;  the  femur  was  scarcelv  removed 
from  the  acetabulum.      The  pubes  and  ischia  were  slightly  displaced  ; 
the  left  ilium  was  fragmentary. 

This  specimen  has  been  prepared  for  exhibition  with  great  care 
and  patience,  employing  the  energies  of  three  skilled  men  for  more 
than  eighteen  months.  The  spines  and  transverse  processes  of  many 
vertebra  were  more  or  less  distorted  by  the  compressure  to  which  they 
had  been  subjected  in  the  matrix.  So  far  as  was  practicable,  these 
distortions  have  been  readjusted.  The  inevitable  missing  fragments 
have  been  replaced  by  plaster  and  carefully  colored  to  match  the 
adjacent  parts.  .\ll  portions  thus  restored  are  marked  out  by  a  line, 
not  so  conspicuous  as  to  mar  the  general  appearance  of  the  specimen, 
but  distinct  enough  to  be  readily  recognized  when  examined   closelv. 

For  information  concerning  the  type  specimen  of  Brontosaurus. 
and  fur  advi<jt-  in  the  prepLiratiun  of  this  paper,  the  writer  is  indebted 
to  Dr.  S.  W.  Willtston  of  the  Museum  staff. 

SYNONYMY. 

The  number  of  terms  ajiplied  to  the  group  of  re|)tiles  variously 
designated  as  Sauropoda,    Cetiosauria,  and    Opisthoctelia  has   led   to 
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confusion,  at  once  annoying  to  the  investigator  and  puzzling  to  the 
student.  The  oldest  member  of  the  group  and  the  best  known  of  the 
European  genera  is  Cardiodon.^  This  was  described  by  Owen  in  1841, 
and  for  a  long  time  included  under  the  Crocodilia. 

The  first  recognition  of  the  ordinal  rank  of  the  Cardiodont 
reptiles  was  offered  by  Owen  in  1859,  when  he  proposed  for  them  the 
name  Opisthocoelia,  as  one  of  three  suborders  of  crocodiles.  The 
group  was  characterized  as  follows  :f  *'The  small  group  of  Crocodilia, 
so  called,  is  an  artificial  one,  based  upon  more  or  less  of  the  anterior 
trunk  vertebrae  being  united  by  ball-and-socket  joints,  but  having  the 
ball  in  front  instead  of,  as  in  modern  crocodiles,  behind.  Cuvier  first 
pointed  out  this  peculiarity  in  a  crocodilian  from  the  Oxfordian  beds 
at  Honfleur  and  the  Kimmeridgian  at  Havre.  The  Reporter  has 
described  similar  opisthoccelian  vertebrae  from  the  Great  Oolite  at 
Chipping  Norton,  from  the  Upper  Lias  of  Whitby,  and  of  much  larger 
size,  from  the  Wealden  formations  of  Susse)^  and  the  Isle  of  Wight. 
These  specimens  probably  belonged,  as  suggested  by  him  in  1841  and 
1842,  to  the  fore  part  of  the  same  vertebral  column  as  the  vertebrae, 
flat  in  the  fore  part  and  slightly  hollow  behind,  on  which  he  founded 
the  genus  Cetiosaurus.  * ' 

In  this  classification  Owen  was  followed  by  Haeckel,  but  Huxley, 
in  the  following  year,  included  Cardiodon  in  the  Iguanodontidae.  In 
1874  Seeley,  describing  the  genus  Craterosaurus,  proposed  for  the 
same  forms  the  order  Cetiosauria,  which  he  included  under  the  sub- 
class Dinosauria:  J  **My  fossil  presents  some  remarkable  differences 
from  other  figured  Dinosaurian  specimens,  and  I  have  thought  it 
worthy  of  the  attention  of  the  Society,  as  indicating  that  distinct 
Ordinal  groups  are  probably  confounded  under  the  name  Dinosauria. 
For  if  the  skull  be  Dinosaurian  which  was  figured  by  Mr.  Hulke  as 
probably  that  of  Iguanodon  (and  of  its  Dinosaurian  character  I  enter- 
tain no  doubt),  and  the  specimen  now  described  be  Dinosaurian,  in  the 
>rdinary  sense  of  the  term,  as  I  believe,  then  no  one  will  doubt  the 
Propriety  of  placing  the  latter  animal,  with  its  indisputable  lacertian 
characteristics,  in  a  distinct  ordinal  group  from  the  Wealden  animal, 
irhich  has  the  skull  closed  anteriorly  in  a  way  to  which  no  Lacertilian 
nakes  an  approximation. 

"This  difference  is,  indeed,  in  harmony  with  lacertian  differences 
n  portions  of  the  skull   in  Cetiosaurus ;  so   that  had  there  been  any 

*  In  a  recent  publication  by  Lucy  P.  Bush  Cardiodon  is  shown  to  have  priority  over  Cetiosaurus, 
Km,  Jour.  Sc.,  Vol.  xvi,  p.  q6.  \ 

t  Report  British  Association  for  the  Advancement  of  Science,  i8S9.  P-  164- 

^Q.  J.  G.  S.  of  London,  Vol.  xxx,  p.  690. 
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reason  for  suspecting  that  the  Pottoii  fossil  belonged  to  the  Cetio 

I  should  have  felt  no  difficulty  in   regarding  it  as  the  base  of  a  Ceiio- 

saurian  cranium On  the  whole,  I  regard  the  bone  as  indicating 

that  in  at  least  one  Order  of  the  Sub-class  Dinosauria  the  bones  of  the 
base  of  the  cranium  were  Rhyncocephatian  rather  than  Avian." 

In  1878  Marsh  proposed  to  raise  his  previously  established  group 
Allan tosauridie  to  the  rank  of  suborder,  and  to  include  in  it  the  genera 
Alhntosaurus,  Apatosaurus,  Aforosaurus,  and  Diphdocus.  *  The  suborder 
was  clearly  defined  with  regard  to  American  groups,  but  the  European 
forms  and  their  previous  classification  were  ignored,  although  a  num- 
ber of  them  clearly  fall  within  the  same  family  groups. 

In  this  way  these  three  synonymous  terms  have  been  adopted  and 
used  by  various  writers.  "Opisthoccelia"  has  the  undisputed  claim 
to  priority.  As  applied,  it  included  as  its  characteristic  representative 
CariiiodoH,  the  best  known  of  the  European  forms.  In  its  primary 
signiRcancc  it  is  ilescriptive  of  all  the  well  known  forms,  hoth  Euro- 
pean and  American,  which  have  since  been  included  in  the  group.  It 
was  followed  tiy  Haeckcl  and  in  part  by  Cope  and  Baur.  The  one 
objection  which  has  been  urged  against  the  term  is,  that  it  was  pro- 
posed to  be  applied  to  a  subdivision  of  the  Crocodilia.  This  ob- 
jection is  not  valid,  since  there  are  no  opisthocoslous  crocodiles 
^With   which    the  group  can  be  confused.      The  homogeneity  of    the 

1  according  to  the  first  definition  was  recogni/.ed  when  it  was 
bodily  transferred  by  -Seeley  into  the  Dinosauria,  when  it  was  defined 
as  Sauropoda  by  Marsh,  and  when  it  was  made  an  independent  order 
by  Baur.  Its  inclusion  under  the  Crocodilia  was  designated  at  the 
outset  as  artificial;  its  present  inclusion  under  the  Dinosauria  was 
regarded  by  Baur  as  ecjually  artificial.  If  this  be  true,  the  same  objec- 
tion will  hold  against  the  terms  later  applied. 

The  term  ^^Cftiosmirin"  has  gained  favor  owing  chiefiy  to  the  fact 
that  it  was  offered  as  a  subdivision  of  the  Dinosauria  and  hence  has 
coincided  more  nearly  with  later  classification.  It  was  based  upon 
a  distinction  between  the  Cetiosnurian  and  Iguanodon  skull,  but  that 
distinction  had  been  taken  for  granted  by  earlier  writers,  and  was 
only  made  necessary  by  Huxley's  erroneous  reference  of  Ciirdiodon  to 
the  Iguaiiodontidie. 

As  regards  the  term  "Sauropoda,"  it  must  be  recognized  that  it 
was  based  upon  a  much  more  complete  knowledjie  of  the  group,  and 
as  a  result  was  much  more  clearly  defined.  But  if  we  were  to  demand 
complete  knowledge  of  structure  and  affinities,  in  support  of  a  group 
name,  very  few  genera  and  families  now  accepted  would  stand. 

•  Am.  Jout.  Sc..  Vol.  <vi,  p.  4". 
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The  three  terms,  then,  are  essentially  co-ordinate  and,  co-exten- 
sive. "Opisthocoelia"  has  priority,  and  is  entitled  to  preference.  The 
term  will  therefore  be  used  in  this  paper  to  designate  the  order; 
"Cetiosauria"  and  "Sauropoda"  being  regarded  as  synonyms. 


The  genus  Apalosaiints  Marsh  was  proposed  in  1877  upon  a  con- 
siderable portion  of  a  skeleton,  but  with  brief  description  only,*  Early 
in  1879  the  genus  was  characterized  by  the  structure  of  the  scapula. 
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coracoid,  and  sacrum,  and  these  parts  were  figured.*  In  December  of 
the  same  year  the  genus  Brontosaurus  was  proposed  upon  an  unusually 
complete  specimen  briefly  described. f  Lalera  more  complete  descrip- 
tion was  given  and  a  number  of  parts  figured.  J  Two  different  restora- 
tions were  later  published. g 

The  genus  Bronloiaiirus  was  based  chiefly  upon  the  structure  of 
the  scapula  and  the  presence  of  live  vertebr;e  in  the  sacrum.  After 
examioing  the  type  specimens  of  these  genera,  and  making  a  careful 
study  of  the  unusually  well-preserved  specimen  described  in  this  paper, 
the  writer  is  convinced  that  the  Apatosaur  specimen  is  merely  a  young 
animal  of  the  form  represented  in  the  adult  by  the  Brontosaur  speci- 
men. As  before  pointed  out,J  the  imperfectly  ossified  condition  of  the 
scapula,  coracoid,  and  sacrum  indicates  a  young  animal.  (Figs,  i  and 
2.)  The  presence  of  but  three  coalesced  vertebrK  in  the  sacrum  points 
to  the  same  conclusion  as  will  appear  from  a  comparative  study  of  sacra 
offered  in  this  paper.  The  proportionate  size  of  the  two  specimens,  the 
shorter  shaft  and  narrow  distal  end  of,  the  scapula,  the  outline  of  the 
coracoid,  the  open  chevrons,  the  form  of  the  anterior  thoracic  and*  the 
cervical  vertehrE,  and  the  structure  of  the  pelvis  (Figs,  3  and  4)  all  dis- 
play such  similarity  as  one  would  expect  in  a  young  animal  of  the  Bron- 
tosaur type.  In  fact,  upon  the  one  occasion  in  which  Professor  Marsh 
compared^  these  two  genera  he  mentioned  the  similarity  betneea  the 
scapulae  of  their  respective  tvpes.  In  view  of  these  facts  the  two 
genera  may  be  regarded  as  synonymous.  .As  the  term  "Apatosaurus" 
has  priority,  "Brontosaurus"  will  be  regarded  as  a  synonym. 

The  following  species  have  been  referred  to  this  genus: 

A.  «>:c  Marsh,  type  of  genus.  Am.  Jour.  Sc,  (3),  xiv,  514,  Dec, 
1877. 

A.  grum/is  Marsh,  ibid.,  (3),  xiv,  515,  Dec,  1877. 

Referred  to  Morosaunis,  ibid.,  (3),  xvi,  414,  Nov.,  187S. 

A.  latuolHs  Marsh,  ibid.,  (3),  xvii,  88,  Jan.,  1879. 

A.  cxcelsus  Marsh,  ibid.,  (3),  xvii,  503,  Dec,  1879. 
{Brontosaurus  cxcelsus)  this  paper. 

A.  ampins  Marsh,  ibid..  (3),  xxi,  421,  May,  1881. 

Of  this  number  probably  not  more  than  two  species  are  valid. 
A.  ajax  is  based  upon  a  specimen  too  young  to  admit  of  specific  de- 
termination.     A,  grandis  is  a  synonym.      A.    laticollts   was   described 
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from  a  single  cervical  vertebra  which  may  or  may  not  be  identical  with 
the  type  species.  A.  tx(elsus  is  familiar  as  the  type  of  "Broatosaarus," 
and  is  based  upon  a  large  part  of  a  skeleton.  The  sixth  and  the 
last  cervical  vertebrje  of  this  specimen  as  figured  by  Marsh*  show 
such  a  similarity  to  the  type  of  A.  laticoHis  as  to  indicate  that  the 
intervening  ninth  or  tenth  vertebra  would  prove  identical.  How- 
ever, the  present  knowledge  of  the  cervical  series  does  not  admit  of 
positive  identification,  A.  amplus  has  not  been  figured  and  cannot 
now  lie  determined.  The  Museuni  specimen  will  be  regarded  as  con- 
spccifir,  with  the  well  known  Yale  specimen  and  designated  as  Apato- 

The  genus  Apatosaufiis  may  be  distinguished  from  other  members 

^A  the  OpisthoctElia  by  the  following  characteristics:  Scapula  with 
shaft  and  spine  almost  at  right  angles;  shaft  long  and  slender  with 
slightly  expanded  distal  end;  ischiiim  with  acetabular  surface  at  right 
angle  to  shaft  and  distal  end  expanded:  sacrum  in  adult  specimens 
with  five  ilium-supporting  vertebras;  anterior  dorsal  spines  paired, 
long,  and  slender;  anterior  caudal  centra  with  lateral  cavities. 

DESCRIPTION  OF  SKELETON. 
Dorsal  Vkrtebrj;.     (Plates  xlvi  and  Lli- )     The  vertebrse  lying 

between  the  cervical  and  the  sacral  regions  are  all  rib-hearing,  and  . 
hence  may  be  designated  by  the  term  "dorsal"  ;  but  in  the  following 
description  they  will  be  referred  to  as  "presacral"'  and  numbered  from 
the  sacrum  forward  in  order  to  afford  a  definite  basis  of  reckoning, 
since  the  fragmentary  condition  of  presacral  xi  does  not  admit  of  its 
position  in  the  series  being  determined  with  absolute  certainty. 
However,  there  is  every  reason  to  believe  that  this  vertebra  is  the  last 
cervical. 

The  doisal  vertebne  are  of  the  opisthocoelous  tvpe,  and  are  all  rib- 
bearing.  So  much  may  be  said  of  them  as  a  group — as  Co  other  char- 
acteristics they  represent  a  continuous  transition,  passing  from  the 
elevated  and  slender  type  posteriorly  to  the  depressed  and  wide-armed 
type  of  the  anterior  dorsal  region,  in  view  of  this  wide  difference 
between  the  anterior  and  posterior  extremes  of  the  series,  it  is  not  sur-  ' 
prising  that  isolated  vertebra:  have  been  made  the  types  of  three  or 
more  different  genera.  Variation  between  the  e.xtreme  types  of  the 
dorsal  series  is  especially  noticeable  in  the  following  four  vertebral 
elements,  fi)  The  centra,  (2)  the  neural  spines,  (3)  the  transverse 
processes,  and  (4)   the  capitular  facets.      In   order  to   bring  out  their 

■  I'IrIcs  xV  and  XXI.  the  Dinosauis  of  North  .\meck-a. 
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gradation,  the  vertebrae  will  be  described  by  taking  up  the  several 
elements  in  turn  and  tracing  them  through  the  entire  thoracic  series. 

The  centra  pass  from  the  less  pronounced  opisthoccelous  type  near 
the  sacrum  to  the  pronounced  type  of  the  cervical  region.  In  the  first 
presacral  the  vertical  diameter  of  the  centrum  is  equal  to  the  lateral 
diameter;  as  we  pass  forward  in  the  series  the  centra  become  vertically 
compressed  while  the  lateral  measurement  remains  approximately  th6 
same.  The  articular  ends  from  i  to  viii  are  nearly  perpendicular  to 
the  axes  of  the  centra;  with  ix  the  articular  surface  begins  to  incline 
forward,  this  feature  becoming  more  and  more  pronounced  until  the 
centra  take  on  the  cervical  type  with  presacral  xi.  The  openings  of 
the  pleuro-central  cavities  in  the  first  presacral  are  almost  round  and 
enter  the  centrum  from  above  downward.  With  the  strengthening  of 
the  pedicles  and  the  depression  of  the  centra,  these  assume  a  lateral 
direction.  In  the  anterior  members  of  the  series  thev  become  elon- 
gate  axially;  in  ix  and  x  they  are  partially  replaced  by  the  capitular 
facet. 

In  cross  section  the  typical  centrum  shows  an  external  wall 
pierced  by  two  lateral  foramina  leading  to  the  pleuro-central  cavities, 
which  are  separated  by  a  thin  median  septum.  This  arrangement  is, 
however,  subject  to  regional  modification.  In  the  first  presacrals 
there  are  a  number  of  vacuities  in  the  inferior  portion  of  the  centrum 
which  do  not  connect  with  the  lateral  fossae.  In  i  these  consist  of 
small  cavities  within  the  posterior  rim  of  the  centrum;  in  11  the  cavi- 
ties are  large  and  occupy  the  lower  half  of  the  centrum,  being  separated 
from  the  lateral  fossie  bv  a  wall  two  centimeters  in  thickness. 

The  transverse  processes  arise  from  four  roots:  (1)  a  horizontal  plate 
whicfi  extends  laterally  from  the  prezygapophysis;  (2)  a  second  hori- 
zontal plate  which  arises  from  the  anterior  margin  of  the  postzyga- 
pophyses  and  passing  forward  unites  with  the  j)osterior  margin  of  the 
first;  (3)  a  vertical  plate  which  arises  from  the  base  of  the  pedicle, 
passes  upward  and  forward,  and  fusing  with  the  inferior  surface  of  the 
lateral  plate,  forms  a  bracket-like  support  below;  (4)  a  similar  but 
smaller  vertical  plate  which  arises  from  the  lateral  surface  of  the  neural 
spine,  passes  outward  .uul  unites  with  the  superior  margin  of  the  hori- 
zontal plate,  supporting  it  from  above.  With  the  reduction  and  bifur- 
cation of  the  s|)ine,  the  superi(^r  root  becomes  reduced,  shifted 
backward,  and  in  vi  joins  the  j)osterior  root.  In  ix  and  x  it  is  absent 
entirely.  '  With  the  dei)ression  of  the  cai)itular  facet,  a  second  anterior 
root  makes  its  appearance  in  v.  This  arises  from  the  lateral  surface 
of  the  capitular  i)ro(^ess  and  is  noticeable  as  a  slight  ridge  just  below 
the  anterior  margin  of   the  horizontal  plate.      In  vi   this  remains  very 
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slight;  in  vti  it  is  shifted  downward  forming  a  median  brace  between 
the  anterior  and  the  inferior  roots;  in  viii  it  appears  as  an  anterior 
brace  to  the  side  of  the  inferior  root;  in  i\  and  x  it  descends  quite  to 
the  anterior  margin  of  the  centrum  and  forms  a  second  inferior  sup- 
port equal  in  importance  to  the  first. 

The  tubercular  facets  are  borne  low  on  the  extremities  of  the  trans- 
verse processes.  They  are  irregularly  concave  and  varj^  in  sijie  accord- 
ing to  the  strength  of  the  ribs  which  they  bear.  In  presacrals  i  to  viii 
they  face  outward  and  slightly  downward;  in  ix  a!nd  x  their  direction 
ib  altered  so  as  to  face  more  downward  than  outward. 

The  neural  spines  undergo  a  radical  transformation  in  the  dorsal 
region.  (P)ate  xi-vi.)  The  posterior  members  of  the  series  represent 
the  extreme  development  of  the  straight,  median  spine.  From  this 
point  to  the  eleventh  presacral,  or  first  cervical,  they  pass  by  a  regular 
gradation  from  the  simple  to  the  bifurcate.  This  change  is  so  regular 
that  no  point  in  the  series  can  properly  be  designated  as  "nodal"  hut 
at  the  same  time  all  are  transitional.  In  presacrals  i.  ii,  and  iii  the  spines 
are  similar  in  length  to  the  anterior  sacral.  In  iv  there  is  a  noticeable 
shortening  supplemented  by  a  slight  concavity  on  the  anterior  margin 
o(  the  crest,  which  marks  the  first  tendency  toward  bihircairon.  In 
V  and  VI  this  concavity  is  deepened  and  the  spine  reduced  in  the  latter 
to  tittle  more  than  half  the  length  of  that  in  nt.  At  the  same  time  it 
has  increased  in  breadth  and  tfie  lateral  angles  of  the  crest  have  become 
acute  and  somewhat  produced.  Each  of  the  lateral  plates  give  rise  to 
two  diagonal  branches;  the  median  plate  is  noticeably  reduced.      In 

VII  the  anterior  aspect  of  the  spine  presents  a  broad,  flattened  surface. 
The  median  plate  is  reduced  to  a  mere  rugose  ridge  on  the  anterior 
surface;  posteriorly  it  is  somewhat  more  marked.  The  lateral  angles 
of  the  crest  are  extended,  forming  a  pair  of  lateral  processes  sur- 
mounted by  laterally  flattened  crests.  However,  the  vestigial  median 
plale  still  furnishes  the  chief  anchorage  for  the  dorsal   muscles.      In 

VIII  the  median  concavity  descends  to  a  level  with  the  superior  margin 
of  the  [lost-zygapophyses.  The  median  plate  is  reduced  to  a  mere 
roughening  for  muscular  attachment  wliich  persists  to  the  end  of  the 
series.  Bifurcation  may  thus  be  regarded  as  complete.  The  spines  in 
[X    and   X  are  slight  and    deeply  excavated   at   their  bases  by  lateral 

The  fost-zy^apop'iyses  are  supported  inferiorly  by  a  pair  of  but- 
tresses arising  from  the  posterior  surface  of  the  neural  arch,  laterally 
by  the  posterior  roots  of  the  transverse  processes,  and  superiorly  bv  a 
second  pair  of  buttresses  descending  from  the  lateral  plates  of  the 
neural  s])ine.      In  the  posterior  dorsal  vertebrit  the  superior  buttresses 
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trong,  but  with  the  bifurcation  of  the  spine  they  become  reduced, 
are  replaced  by  a  second  short,  stout  pair  which  meet  in  the 
an  line.     In  presacral  i  the  articulating  surfaces  are  concave  and 

downward  to  articulate  with  the  prezygapophyses  of  the  first 
il;  in  the  succeeding  vertebrae  they  face  outward  and  downward 
le  form  of  a  wide  V.  .At  the  point  of  convergence  the  articular 
ces  are  expanded  into  a  prominent  hyposphen.     This  is  supported 

below  by  a  second  pair  of  buttresses  arising  from  the  neural 
In  presacral  vii  both  zygapophyses  and  hyposphen  reach  their 
igest  development.  In  ix  the  hyposphen  disappears  entirely;  in 
*  zygapophyses  are  more  elevated  and  widely  separated. 
T\i^ prezygapophyses  are  supported  chiefly  by  a  single  stout  pair  of 
esses  arising  from  the  anterior  margin  of  the  pedicles.  Their 
ulating  surfaces  are  directed  upward  and  slightly  inward.  In  the 
•ior  members  of  the  series  they  are  separated  by  a  narrow  notch, 
ypantrim,  into  which  the  hyposphens  of  the  preceding  vertebrae 
In  VIII  there  is  a  pronounced  widening  of  this  notch  correspond- 
irith  the  disappearance  of  the  hyposphen  from  ix.  In  ix  and  x 
rrezygapophyses  are  still  more  widely  separated. 
The  capitular  facet  varies  much,  both  in  strength  and  in  position, 
le  vertebra,  as  we  pass  forward  in  the  dorsal  scries.  (Plate  lii.) 
the  facet  is  very  slight;  it  arises  by  three  roots  from  the  inferior 
,ce  of  the  prezygapophyses  and  from  the  lateral  surface  of  the  neural 
It  increases  in  strength  in  v  and  vi,  and  is  slightly  depressed  by 
hortening  of  the  pedicles.  In  vii  the  decided  shortening  of  the 
:les  brings  the  inferior  border  of  the  facet  almost  to  the  margin 
e  centrum.  The  facet  itself  is  more  than  double  the  size  of  that 
In  VIII  it  is  shifted  downward  so  that  half  of  its  articular  sur- 

springs  from  the  centrum.  In  ix  the  facet  is  borne  entirely  on 
:entrum  just  anterior  to  the  lateral  fossa  and  partially  replacing  it. 

the  transposition  is  complete,  the  facet  having  passed  entirely 
V  the  anterior  end  of  the  lateral  fossa.  In  the  last  two  vertebrje 
also  much  reduced  in  size. 
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THORACIC  RIBS. 

Eighteen  ribs,  more  or  less  complete,  are  preserved  with  this  speci- 
men. Ten  of  these  belonging  to  the  right  side  form  a  continuous 
series  in  which  the  first  and  last  arc  so  reduced  in  size  as  to  indicate 
that  the  series  is  complete.  Those  of  the  left  side  correspond  very 
closely  with  the  right,  excej)t  that  the  third  and  fourth  ha\e  been 
carried  away  entirely.  This  number  of  ribs,  preserved  so  nearly  in 
their  normal  positions,  may  be  regarded  as  conclusive  proof  that  there 
were  but  ten  vertebrae  in  the  dorsal  series. 

In  the  first  pair  of  ribs  more  than  half  of  the  distal  ends  were 
eroded  away.  The  head  and  the  tubercle  are  slender  and  divergent; 
the  shafts  taper  toward  the  distal  end  and  are  too  slender  to  have 
performed  any  important  function.  (Plate  xi.vii.)  The  second  pair  of 
ribs  is  considerably  stronger  than  the  first.  Only  tlie  proximal  half  of 
the  right  and  the  head  of  the  left  are  preserved.  At  this  point  the 
divergence  of  head  and  tubercle  is  most  pronounced,  the  head  forming 
an  angle  of  sixty-five  degrees  with  the  shaft.  The  third  and  fourth 
pairs  of  ribs  are  the  strongest  of  the  series.  The  articular  facets  are 
broad  and  rugose,  and  stand  at  almost  a  right  angle  to  the  shaft.  The 
proximal  ends  are  expanded  and  massive,  bearing  trough-like  fossae 
on  their  mesial  surfaces.     The  distal  ends  are  missing  from  both. 

'The  fifth  pair  ol  ribs  is  com|)lete  and  well  preserved.  The  head 
is  more  elongate,  indicating  greater  expansion  of  the  thorax  at  this 
point.  The  distal  end  bears  a  broad  and  roughened  surface  for  the 
attachment  of  the  costal  cartilage.  The  right  member  of  this  pair  is 
of  interest  in  having  an  enlargement  in  the  shaft,  due  to  an  imperfectly 
healed  fracture.  The  adjoining  sixth  rib  has  a  similar  fracture  which 
failed  to  heal.  The  sixth  pair  is  marked  by  a  decided  reduction  in 
size,  a  noticeable  shortening,  and  a  slender  and  ta[>ering  distal  end. 
The  head  continues  to  elongate,  the  tubercle  to  shorten.  In  the  seventh 
and  eighth  pairs  the  shafts  beccjuie  shorter  and  slighter,  and  the  head 
more  elongate.  In  the  ninth  the  head  and  tubercle  are  quite  reiluced 
and  the  shaft  is  more  curved  at  the  j)roxinial  end.  The  tenth  pair  is 
reduced  to  mere  rudiments  whose  shafts  are  almost  lost.  The  right  one 
has  coossified  with  the  vertebra  by  tlie  head  and  tubercle  while  the  dis- 
tal end  has  a  flattened  surface  which  abutted  the  crest  of  the  ilium. 


i 
1 


MlCASl'KKMKNTS    OF    KIHS. 


Rib  Number . 

I 

"  i 

III 

.50^ 
.130 

IV        v 

...  2.13 
.140  .405 
.130  .125 

VI        VIl 

VIII       IX          X 

Length 

Breadth  across   head   and  / 

tubercle.- -..  \ 

Breadth  of  shaft  at  middle. 

.43^^ 
.oSo 

.5101 

2.07    1.85 

1 

.420   .360 
.085  !  .0/) 

1.70    1.26     .62 
.310   .250   .240 
.085    .080    .c/)0 
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SACRAL  VERTEBRC 
The  toimm  in  this  specimen  is  composed  v&  five  vcncbrx, 
coalesced  by  tfie  centra,  zygapopbj-ses.  and  more  uf  les$  by  the  sacnd 
ribs.  The  secoad,  third,  and  fourth  Tcrtebne  arc  in  addition  nrmly 
coDJnioed  by  thetr  nearal  spines,  the  crests  of  their  ncaial  arches,  and  J 
the  ba»cB  of  Uieir  diapophyses.  Their  sacral  ribs  unite  disially  ia< 
form  a  yoke-tike  synustosts,  which,  in  the  Opisthocwiia.  may  fittin|;ly 
be  termed  the  sacri costal  yoke.  This  is  approiimalely  symmetrical  tO 
the  transrersc  axis  of  the  sacrum  and  is  boroe  upon  the  rim  of  thi 
acetabalam.  vfaich  consbtotes  its  chief  soppurt.  These  three  tertctin 
have  been  described*  by  Osbora  in  "Camarasaunii"  and  by  WillisiDi 
in  MoTosaoras  f  as  constitoting  the  primitive  sacrum.  They  will  there 
fore  be  dcsigiuted  in  this  paper  as  the  primary  sacrum,  but  ia  thV 
series  of  vertebnc  fanctiooai  as  sacral,  or  ilium- sapporting  vertebi 
they  will  be  numbered  two,  three,  and  four.  The  first  vertebra  wbicU 
functions  as  a  sacral,  but  varies  in  the  structure  of  its  sacral  rib,  will^ 
be  termed  the  dorso-sacral.  In  like  manner  the  fifth  of  the  series 
will  be  termed  the  caudo-sacral.     (Plate  xlviii.) 

Tht  J^tru>-i»rrst  bears  evidence  of  having  nnitc^l  with  sacral  ii  hy 
its  centrum  and  tygapophyses  before  adult  age.  The  sacral  ribs  sbovr 
a  degree  of  coossificatioo  similar  to  that  between  the  sacral  ribs  xoA 
the  right  ilinm.  The  spine  remains  free,  but  stands  close  to  th« 
second  spine — a  condition  which  would  tend  lo  coalition.  The  caudo- 
sacral  shows  even  more  recent  coossicication  with  the  primary  sacrum. 
The  centra  are  rirmly  coossiiied.  the  sacral  ribs  incompleiely  so;  the 
zygapophyses  are  conjoined,  but  little  atrophied,  the  neural  spine 
remains  free  and  isolated.  .\  comparison  in  structure  between  this 
vertebra  and  the  tirjt  caudal  shows  no  greater  difference  than  that 
between  cauiials  i  and  u. 

Juced  in  size  and  differs  from  the 
lis.  The  anterior  end  is  slightly 
1st  behind  the  base  of  the  sacral 
saorals  ii.  iii.  iv  are  considerably 
niled.  The  pleuro-central  cavities 
open  upward,  just  back  oi  the  pedicles.  The  centrum  «f  sacral  v  is 
firmly  united  with  the  preceding  one.  but  is  not  reduced  in  size  and  is 
little  excavated  by  lateral  cavities.  The  posterior  surface  is  quite 
concave  in  its  lower  half,  the  margin  siightly  receding  above. 

The  n/urjl jr. fifs  begin  with  the  dorsal  type  in  sacral  i:  in  ii,  in, 
and  IV  they  are  drawn  together  amero-posteriorly  and  conjoined  from 

•  BnlWio  \m.  Moi..  Vol.  i.  p.  !.*■- 

t  Kava.  UnJT.  QoaitRty,  Vi>],  tii.  p,  175. 


Thf  itHtrum  in  s 

acral  1  is  not  re 

dorsal  centra  only  i 

its  thicker  wa 

conves:  the  lateral 

cavities  open  j 

rib.     (Plate  xlvih.) 

The  centra  oi 

reduced  in  sire  and  a 

re  more  firmly  u 
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the  neural  canal  upward,  leaving  vertically  elongate  vacuities  opening 

into  the  enla,rged  intervertebral  chambers  of  the  neural  canal.     In  iv 

and  V  the  neural  arches  are  shifted  forward  so  as  to  overhang  the 

intercentral  sutures.     The  prezygapophysial  articulation  between  i  and 

II   is  atrophied  but  still  in  evidence;  that  between  11,  iii,  and  iv  is  lost 

entirely;  between  iv  and  v  it  has  become  ankylosed    but  otherwise 

little  modified.     The  hyposphen-hypantrum  articulation  persists  as  far 

as  sacral  v.     (Plate  l.) 

The  ficural  spines  of  the  sacral  vertebrae  diminish  regularly  in  length 
irom  first  to  last.  The  spine  of  sacral  i  is  similar  to  that  of  presacral 
*>  except  that  the  forward  curvature  is  nearer  the  base-  The  spines 
^^  II,  III,  and  IV  are  firmly  united  by  their  median  plates  and  show 
*'"om  their  strength  and  system  of  bracing  that  this  was  the  chief 
^nchorage  for  dorsal  and  dorso-caudal  muscles.  The  lateral  plates 
^^  U  are  more  strongly  developed  than  in  any  other  spine;  their 
^I'l'terior  buttresses  which  descend  to  the  |)rezygapophyses  are  devel- 
oped into  stout  braces  to  resist  antero-lateral  strain.  The  posterior 
^^^ts  have  disappeared  entirely.  The  lateral  plates  of  111  are  almost 
^st  ;  those  of  IV  are  well  developed  and  braced  in  turn  by  the  posterior 
*^^^t,  while  the  anterior  one  has  disappeared. 

The   sacral  ribs  take   the   form  of   stout,   blunt   processes   firmly 

^nlvyiosed  with  the  centra  and    expanded  distally  to  articulate  with 

tH        - 

*^^    ilium.     Those  of  the  three  primary  sacrals  are  similar  in  general 

^"^^cture,  save  that  the  middle  one  is  reduced   in  size;  thev  coalesce 
'^^«xlly  to  form  the  sacricostal  yoke.     The  first  and  second  ribs  arise 

'-'rn  the  mid-lateral  surface  of  the  centra;  the  third  has  its  oricfin  at 

th 

^    interior  end  of  the  centrum.     The  ribs  of  the  dorso-sacral  vertebra 

■5^^  from  the  antero-superior  margin  of  the  centrum  in  conjunction 

'^i'^    the  base  of  the  neural  arch.      They  articulate  distally  with  the 

^^rior  surface  of  the  great  peduncle  of  the  ilium.     The  ribs  of  the 

,      '^  ^o-sacral  vertebra  are  similar  in  origin  to  those  of  the  true  sacrals, 

-      ^      are  expended  distally  into  oblicjuc  j)lates,  which  are  united  with 

^     cliapophyses  as  in  the  anterior  caudals.      In  this  specimen  the  ribs 


.  -  imperfectly   united    with    the    sacricostal   yoke.      They  articulate 

^^lly  with  the  posterior  surface  of  the  lesser  peduncle  and  with  the 
11.  ^  K^ 

^ial  surface  of  the  iliac  plate.     (Plate  xlviii.) 


*Vp. 


The  diapophyses  show  no  essential   modification  from  the  thoracic 
;.     They  are  more  or  less  completely  connected  with  the  sacral 


riw        • 

_^     ^   by  a  thin  vertical  plate.     On  the  rij^ht  side  of  the  museum  speci- 

*>,   where    the   ili-um   is  conjoined,    this  plate   forms    a    continuous 


^*t:ular  surface,  connecting  the  ribs  and  diapophyses  in  sacrals  1  and 
*     M'hile  in   in  and   iv  there  remain   only  slight  vacuities.      In   v,  as 


i8o  Field  Columbian  Museum. 

before  mentioned,  the  dJapopbyses  and  ribs  are  united  througho 
In  II,  111,  :ind  IV  the  merging  of  the  three  neural  arches,  and  coii:;a 
quent  reduction  of  space  occupied  by  them  in  the  antero-poster 
direction,  gives  to  the  diapophyses  the  appearance  of  radiating  frOicr 
common  center.  This  feature  is  accentuated  by  the  general  tendei^ 
of  sacra  to  be  compressed  in  this  direction  while  in  the  matrix,  owi  i 
to  the  frailty  of  the  arches  as  compared  with  the  centra.  This  at; 
accounts  for  the  usual  convexity  of  the  inferior  outline  of  the  Sacrf 
series  which  should  doubtless  be  concave. 

u. 

LenKtii  of  five  coalesced  centra --- 1.260 

Height  of  sacral    1  over  all _ _ 1,350 

Height  of  sacral  11  overall -— _-  1,310 

Height  of  sacral  III  over  all v .,.  1.230 

Height  of  sacral  iv  over  all -.   i.igc 

Vertical  diameter  uf  centrum  i  at  anterior  end .36; 

Lateral  diameter  of  cenirum  1  ai  anterior  end ,3& 

Vertical  diameter  of  cenirLim  v  at  posterior  end .yji 

Lateral   diameler  of  centrum  V  ai  posierior  end 361 

Breadth  of  coalesced  spines  II,  III,  and  IV  at  crest   -     jgi 

Breadth  of  coalesced  spines  11,  in,  and  iv  at  base    _ ,38] 

length  of  spine  above  preiygapaphysis  in  I , .781 

Len^: til  of  spine  above  pretygapophysis  in  v .^— .„.., _ —    JS^ 

L[Tii;tli  of  sacricostal  yoke. -- .651 

MORPHOLOGY  OF  THE  OPISTHOCCELIAN  SACRUM. 

The  compositiun  of  the  sacrum  in  various  genera  of  the  Opistho 
ccelia  has  been  regarded  from  almost  as  many  points  of  view  as  then 
have  been  writers  on  the  subject.  Marsh  looked  upon  the  number  o 
sacral  vertebra;  as  a  fixed  quantity  for  each  generic  group  and  basei 
many  of  his  genera  upon  this  character.  In  defining  the  order  "Sauro 
poda"  he  characterized  the  sacrum  as  composed  of  not  more  than  fou 
vertebra;.  In  later  classifications  the  number  of  sacrals  was  not  givei 
as  an  ordinal  character.  Cope  placed  less  stress  upon  the  number  o 
sacral  vertebra:,  but  used  it  in  generic  distinctions. 

Osborn,  in  1S98,  described  the  sacrum  of  "Camarasaurus"  a 
follows:  "Camarasaurus  had  five  sacral  vertebra;;  three  of  these  con 
stantly  coalesced  both  by  centra  and  neural  spines,  two  others  coalesce* 
less  constantly  and  possessed  free  spines."*  Soon  after,  Willistoi 
offered  the  following  more  general  characterization:  "It  is  very  clea 
that  there  are  three  typical  vertebra;  in  all  the  geneia  of  this  fainib 
(Cainarasaurida;)  as  well   as  in   the    Morosauridic,  if  it  be  a  distinc 
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laiuiiy^  all  of  which  present  very  distinct  points  o£  similarity.  It  is 
P^ol>able,  as  evidenced  by  the  separated  sacral  vertebrie  in  Moresaurus 
lentis  that  the  condition  of  ossification  varies  with  age,  the  middle  three 
uniting  earliest,  the  first  next,  and  the  fifth  last.  The  slight  union  of 
the  fifth  might,  indeed,  be  absent  in  the  adult  without  affording 
generic  or  even  specific  characters."  * 

A  year  later  Dr.  Osborn  wrote  of  the  sacrum  of  Diplodocus:  **  There 
S-re  four  rib-bearing  true  sacral  vertebrae  in  Diplodocus  instead  of  three, 
^s  hitherto  described  by  Marsh.  The  three  anterior  s^crals,  consti- 
tuting the  primitive  Dinosaurian  sacrum,  are  firmly  united  by  their 
'Neural  spines.  These  three  spines  coalesce  into  a  single  very  robust 
spine  showing  the  diapophysial  laminae  separate.*' 

In  his  recent  monograph  on  Diplodocus  Mr.  Hatcher  described 
two  sacra  as  follows:  *'The  two  splendid  sacra  belonging  with  skele- 
tons 84  and  94  in  our  collections  are  unusually  complete In 

^^ch  instance  the  vertebrae  are  firmly  coossified  with  and  give  support 
^o  the  ilia.  In  84  the  right  ilium  alone  is  j)reserved  and  this  is  united 
'^ith  all  five  of  the  vertebrx  which  function  as  sacral  either  by  means 
^'  true  sacral  ribs  or  the  expanded  diapophysial  laminie  or  by  both 
^^5>e  elements.     All  are  coossified  by  their  centra  and  the  three  median 

"3.ve  their  spines  coalesced In  skeleton  94,  however,  there  are 

'^oti^eable  certain  other  more  marked  differences  which  are  worthy  of 

"Special  notice  as  bearing  directly  upon   the  nature   of   the  primitive 

"'"iosaurian  sacrum.      In   this  skeleton   the  sacrum    is   present,   with 

^*>  ilia  in  position.     The  centra  of  the  true  sacrals  are  all  coossified 

*   '  ^  other  sacrum.     The  neural  spines  of  sacrals  one  and  two  coalesce 

^  are  coossified  throughout  their  entire  len-^th  as  in  84,  but  the  s|)ine 

Lcral  three  is  quite  free  from,  though  closely  apj^lied  inferiorly  to, 

of  the  second  sacral.     This  wouUl  seem  to  indicate  that  the  prim- 

^^  Dinosaurian  sacrum  consisted  of  two  rather  than  three  vertebra), 

^C>ndition  found  in  the  Crocodilia  anil   most  other  living  Reptilia. 

^^  fourth  sacral  in   No.  94  bears  a  free  spine  and  is  coossified  by  its 

^trum  with  the  third  and  does  not  differ  in  any  essential  respect  from 

*"t   described  by  Osborn  or  from  that  found  to  obtain  in  No.  84  of 

collections.'* 

From  the  above  it  will   be  seen  that  C)sborn  and  Williston  agree 

'M  the  structure  of  the  primitive  sacrum  as  indiiMted  by  '^^Camara- 

^us"  (Apatosaurus),    Morosaurus^   and    Diplodocus.      This  is   based 

11  the  tendency  of  the  median  three  vertebne  to  unite  by  spines  and 

Hatcher  has  dissented  from  this  opinion,  postulating  that  the 

litive  Dinosaurian  sacrum  consisted  of  no  more  than  two  vertebnt. 

*Kans.  Univ.  Quarterly.  Vol.  vii.  p.  173. 
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Thrs  conclnsion  U  ba^ed  apoo  a  single  sacniin  of  Ih'pifJmcui;  a  second 
sacrum  referred  to  the  same  species  and  described  in  tlie  saidc  paper 
agrees  with  the  asoal  type  m  faaTiog  the  spines  uf  sacrals  tl,  tii,  and  iv 
coalesced.  The  sacrum  just  ilescribed  in  this  paper  ateu  agrees  in  the 
same  particular. 

It  Till  be  observed  that  there  is  a  conndcr^ble  variation  in  the 
coossification  of  various  elements  in  the  Opbtbucaltan  sacrum,  which 
cannot  be  attributed  to  age.  Bv  comparing  the  ctimpusition  of  known 
sacra  of  A^t^MtLmi,  Difi^^ciu.  and  Mitrot<tMrwt.  it  Till  be  seen 
that  there  is  a  noticeable  ^imiLaritr  in  the  development  of  that  of  the 
fonaer  two,  while  the  tatter  stands  quite  aloof.  This  b  well  repre- 
sented by  the  accompanying  diagram  ma  tic  figures. 

The  Aputn^mrriJ  mrmm  is  represenied  by  four,  possibly  five, 
known  specimens.  The  most  primitive  composition  is  found  in  the 
young  specimen  id  the  Yale  University  collection,  well  known  as  the 
type  of  AfaUsaurmt.  In  this  sacrum  only  the  three  primary  centra 
with  their  coalesced  rib^  are  preserved  iFig.  5).  A  secnod  specimen, 
described  by  Or.  Osbom  as  Camasaurus.*  has.  according  to  his  iJcscrip- 
doQ.  the  three  primary  centra  coalesced  by  ^ines  and  sacr^  ribs  as 
well  as  by  the  centra  (Fig.  6).  The  dorso-  and  caudo-sacrals  are  both 
free;  the  tatter,  though  strocturally  a  caadal,  was  functional  as  an 
ilium-supporting  vertebra.  These  charactcrrstics  as  well  as  the  size  of 
the  animal  indicate  that  it  wa?  not  quite  adult.  .\  third  specimen  in  the 
Caniegie  Museum  figured  +  by  Mr.  Haichet  Ai" Br,'nt.'s,iurus."  may  or 
may  not  beloni;  to  tht«  genu*  (Fig.  Si.  The  ngure  shows  that  the 
primary-  saora!>  have  their  spines  coalesced  as  in  the  typical  adult. 
The  ca;:do-sacral  is  nrm.y  conjoined  by  ceniram.  ribs,  and  diapophyses 
as  is  the  centrjm  of  tiie  t^orsi^-sacral.  The  nrjt  caudal  is  also  con- 
joiiied.  at  '.east  in  part. 

The  lijiusuallv  we'.'.  pre>er\"ed  >acrjni  in  the  .Museum  specimen 
may  be  taken  as  a  typioa'.  ^cpre^entat:ve  01  the  aduit  of  thi?  genus. 
In  fni>,  -iacral?  11,  111.  and  iv  are  rirmly  conjoined  by  centra,  neural 
arche<.  >acra';  ribs,  and  bases  01  the  diapi^physes  (Fig.  7I.  The  centra, 
sacrai  ribs,  diapvipbyscs,  and  '.jiera'i  sp:noi;s  pSates  are  more  or  less 
reii-ced  troni  ;os>  of  function.  The  lygapviphyses  and  zygosphenes 
are  no  monger  traceable.  The  dorso-sacral  is  iirmiy  coalesced  by 
cer.iruni  and  iyga;v>physes:  the  ribs  are  partia'.iy  conjoined,  the  spine 
is  free,  l^j:  stands  c'o^e  to  thai  o:  sacral  11.  The  caudo-sacral  is  a 
typ-.cal  anierior  cj.;,'..i!  coo>i-rie.!  by  centn;ni  and  lygapophyses.  and 
pan:.i::y  by  :he  ribs.       rhe  spine  i>  free  a:id  isolated.      The  right  ilium 
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is  coBssified  by  all  of  the  ribs  and  diapophyses,  the  left  evides 
remained  free.  The  type  specimen  of  " BroHtinamrus"  is  similar^ 
far  as  can  be  determined,  except  that  the  first  presacral  is  also  c<a 
joined  (Fig,  9). 

This  series  shows  just  such  a  development  as  one  might  expect 
passing  from  a  two-thirds  grown  animal  to  one  of  advanced  age. 
additional  dorsal  vertebra  united  with  the  sacrum  in  the  type  specime-  '^ 
of  " Brtintosaurui"  and  the  additional  caudal   united  in  the  Ciirnegi^^ 
Museum  specimen,  are  but  further  evidence  of  the  persistent  tendency* 
of   adjacent   vertebra   to   coossjfy   with   the  sacrum   in    animals  ( 
advanced  age. 

The  four  known  sacra  of  Diplodocus  show  a  very  similar  develop-  ] 
mental  series.  The  sacrum  of  D.  hngus,  figured  by  Marsh,  has  only  J 
three  vertebrte  coalesced  by  centra  and  by  sacra!  ribs  (Fig.  10).  The  1 
posterior  end  of  the  sacricostal  yoke  shows  a  facet  for  the  caudo-sacral  1 
rib.  The  Carnegie  Museum  specimen  No.  94  has  vertebrae  u,  iii.  iv, 
and  v  coalesi:ed  by  the  tenlra,  11,  in,  and  iv  by  the  ribs,  and  11  and  11 
III  by  the  spines.  The  dorso-sacral  remains  free  (Fig.  11),  The  Ameri>  1 
can  Museum  specimen  has  an  arrangement  similar  to  that  of  the  adult  1 
Apalosaurut,  except  that  the  sacral  rib  in  the  dorso-sacral  is  less  J 
strongly  developed  (Fig.  is).  The  Carnegie  Museum  spccimca  No-  84a 
is  de<;<Tibecl  as  having  this  rib  more  nearly  functional  (Fig.  i,i)- 

The  Sforostiur  sa(rum  is  known  to  the  writer  from  four  specimens. 
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The  type  of  M.  Ifntus  has  foi 
which  bear  functional  ribs  not 
neural  arches  are  likewise  free  froi 
and  spine  figured  with  the  posterio 
which  has  long  been  called  m  questio 
s  proved  bevond  question  by  ai 
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rliculated  sacral  centra,  each  of 
with  the  centrum  (Fig,  14).  The 
1  the  pedicles.  The  neural  arch 
centrum  in  this  specimen,  and 
1,  belongs  with  a  caudal  vertebra. 
almost  identical  specimen  in  this 

;  centra  11  and 


lur  sacrum  No.  5584  of  the  Museum 
,  united  in  pairs  (Fig.  14).  The  ribs  are  free  from  the 
The  spines  of  11.  in,  and  iv  are 
zygapophyses.  The  specimen  indi- 
1  half  grown.  A  third  Morosauroid 
^3,-i  (figured  by  Williston  /.v.  .-//.)  has 
nited  by  centra,  spines  ii,  ill,  and  iv  coal- 
esced and  the  sacral  ribs  of  the  same  united  to  form  the  sacricostal 
yoke  tFij;.  15*.  The  broad  rib  of  the  dorsu-sacral  ts  lirmly  united  with 
tins  yoke  and  there  is  a  blunt  posterior  projection  from  the  fourth  rib 
indicating  that  it  abutted  against  the  rib  ol  the  caudo-sacral  which  in 
ihi<  form  has  not  been  found  conjoined.      This  specimen  agrees  very 
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closely  with  the  type  of  M,  grandis  so  far  as  it  will  admit  of  determi- 
nation. The  Morosauroid  sacra  thus  appear  to  fall  into  two  groups. 
Th^  first,  as  indicated  by  the  type  of  M,  lentus  and  No.  5384  of  this 
Museum,  has  the  dorso-sacral  free.  The  second,  as  represented  by 
the  type  of  M,  grandis  and  the  Kansas  University  specimen,  has  the 
caixclo-sacral  free.  A  more  important  difference  is  that  in  the  sacra  of 
this  former  type  the  transverse  axis  passes  between  sacrals  iii  and  ly, 
'^Hile  in  the  latter  it  passes  through  sacral  iii  as  in  Apatosaurus  and 
-^^jf^dodocus.  If  this  feature  proves  constant  it  would  indicate  generic 
differences. 

From  the  above  it  will  be  observed  that  the  sacra  of  Apatosaurus 

^rici   DiplodocuSt  so  far  as  can  be  traced  from  the  young  animal  to  the 

*^^^alt,  develop  along  similar  lines.      In  Apatosaurus  sacrals  11,  in,  and 

^^      coalesce  first  as  is  shown  by  the  two  young  specimens  (Figs.  5  and 

'  ^)  ,   by  the  closer  union  of  all  the  elements  of  these  same  vertebrae  in 

^hci    adult  specimens  (Figs.  7,  8,  and  9),  and  by  the  noticeable  tendency 

^'      articulating  parts  to  atrophy  from  disuse.     Sacral  i  usually  unites 

^^■>c  t,  and   V  last,  as  shown  by   Figs.  6,  7,  and  8,  although  this  order 

"^•^3^  sometimes  be  reversed,  as  is  shown  by  Fig.  9.     Coalition  may  be 

^**x-ied  even  farther,  as  appears  by  the  union  of  Caudal  i  in  Fig.  7  and 

*^''^  ssacral  i  in  Fig.  9.      In  Diplodocus  the  same  order  is  noticeable  with 

^^     exception  pointed  out  by  Mr.  Hatcher  (Fig.  6),  in  which  sacral  1 

^3.  the  spine  of  iv  remain  free  in  a  specimen  apparently  adult,  while 

.  ^-^  Yal  v  is  coossified  by  its  centrum.      However    this  is  a  variation 

^*^  ilar  in  kind  to  that  noted  in  Apatosaurus, 

The  above  deductions  carry  out,  for  these  two  genera,  the  theory 

"V-anced  by  Osborn  and  supported  by  Williston,  namely:  That  sacrals 

-   *     ^11,  and  IV  represent  the  primitive  sacrum.      But  how  far  back  in  the 

*^tory  of  the  group  these  conditions  may  have  held,  remains  a  ques- 

^^n.     If  we  assume  that  the  Opisthocojlia  are  derived  from  a  bipedal 

^cestry,  which  were    in  turn  derived   from  a  crawling  ancestor,  we 

^^^y  explain  the  condition  as  follows: 

It  has  been  observed  that  the  transverse  axis  of  the  pelvis  passes 
*^ rough  the  ribs  of  sacral  111.      This  wH)uld  be  the  natural  point  fur  the 
*^^lvis  to  attach  to  the  vertebral  column  in  a  terrestrial  animal  where 
^e  thrust  of  the  femur  is  upward.     The  fact  that  sacral  in   has  its 
^^ntrum,    ribs,    diapophyses,    zygapophyses,    and    neural    spine    most 
**^duced  indicates  that  it  formed  the  primitive  sacral  center.      Such  an 
Attachment  doubtless  served   the  primitive  crawling  reptilia,   but  as 
specialization  in  terrestrial  habits  progressed,  and  there  was  need  of  a 
^ore  rigid  pelvic  structure,  sacrals  ii  and   iv   probably  became  con- 
Joined,  one  after  the  other.     In  this  way  the  sacrum  developed  by  alter- 
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tuiing  additions  OB  each  side  of  the  ub  just  as  the  pcrissodactrl  f 
in  manmats  ba&  t)cm  reJmrJ.  With  thcM  tlire«  rcrtebrs:  united  t 
furm  the  sacricosia]  yoke  the  iliora  attained  a  firmocss  adapted  1 
terrestrial  habits,  and  vet  snbcientl^'  ntobile  for  bipedat  locomotion. 
If  we  may  aseume  thai  the  Opisthocalia  have  passed  through  such  a 
stage,  this  would  accoant  for  the  sacram  hanng  become  stable  at  Ihii 
pciint  in  its  developmeni.  If  the  form  of  the  ilium  had  by  that  tima 
bectrme  fixed,  the  sacrum  would  hare  been  structurally  complete.  Bol 
with  adaptation  to  quadrupedal  habits,  and  the  attettdant  increase  n 
size,  the  need  of  a  mobile  sacrum  was  replaced  tiy  the  demand  fnC 
greater  rigidity.  In  this  way  a  fimrth  and  fifth  sacral,  with  octrasino^ 
supernumeraries  have  treen  added. 

MOCHFICATION  IN  THE  LAST  PRESACRAL  VERTEBRAE. 
The  probability  that  the  Opisthoccelian  sac-mm  has  expanded  b|^j 
the  addition  of  presacral  vertebra  in  front,  a^  well  as  the  additioif  of' 
caadals  in  the  rear,  ha?  been  doubted  by  some  later  writers.  The  folra 
lowing  features  in  the  specimen  under  consideration  arc  of  interest  a 
bearing  directly  upon  this  question: 

1.  The  last  pair  of  presacral  ribs  lend  to  coOssify  with  the  ver- 
tebra by  both  head  and  tubercle. 

2.  The  disul  end  of  the  right  rib  abutted  the  inaer  uagie  of  t^ 
iliac  crest  and  was  cvidentlv  attached  to  it. 

3-  The  position  of  the  capitular  attachment  of  the  ribs  passes  by 
regular  gradation  from  the  lateral  surface  of  the  centrum  in  sacral  ii, 
to  its  txiremt  elevation  on  presacral  ii. 

4.  The  c-ijiitular  and  tubercular  elements,  as  well  as  the  line  of 
union  with  the  ciiaiKiphysis,  can  be  traced  in  the  rib  of  the  dorso-sacraL 

The  last pitstiL'idl  rib  on  the  right  side  of  the  Museum  specimen  is- 
firmly  coossiiicd  by  both  head  and  tubercle.  The  left  one  is  les* 
completely  su.  although  the  process  has  gone  far  enough  to  have  quite 
obliterated  the  articular  facets.  The  ^haft  of  the  right  rib,  unlike 
that  figured  bv  Hatcher  in  Diphdocus.  is  barely  long  enough  to  reach 
the  anterior  margin  of  ihe  ilium.  The  distal  end  bears  an  oblique 
facet,  which  evidently  abutted  the  inner  angle  of  the  iliac  crest.  There 
is  no  evidence  of  CDiJ^siflcation  and  no  corresponding  facet  on  the 
ilium.  As  imbedded  in  the  matri\.  the  end  of  the  rib  had  slipped  a 
few  inches  part  the  ilium,  anil  the  side  of  the  shaft  still  bears  an 
indentation  caused  by  contact  with  the  angle  of  its  crest.  An  even 
more  pronounced  instance  ui  modification  in  a  presacral  rib  was  noted 
by  Dr.  Williston  in  a  specimen  of  .\foroiaurus  in  the  Kansas  Univer- 
sity   Museum.      In    this  case   the  distal  end   of   the   rib  had    become 
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€^P3.iided  and  was  received  by  a  distinct  facet  on  the  mesial  angle  of 
^^e    ilium. 

In  this  coossification  may  be  recognized  the  initial  stage  of  the 
conversion  of  a  presacral  rib  into  an  ilium-supporting  element.  As 
^"^  head  and  tubercle  united  with  the  vertebra  and  became  immov- 
^'-^*^,  and  the  distal  end  came  in  contact  with  the  ilium,  ligamentary 
3-tta.chment  would  naturally  result.  Consequent  stress  upon  the 
attached  rib  would  lead  to  specialization  in  order  to  meet  the  new 
function  laid  upon  it. 

The  dorsO'Sacral  rib  bears  evidence  of  just  such  a  modification, 

^hich  has  been  carried  much   farther   (Fig.    t,    Plate   XLviii).      The 

^>o.pophysis  of  the  yertebra  has  been  considerably  reduced  and  over- 

'*^ps  the  tubercular  portion  of  the  rib   with  which   it  has  fused.      The 

^^tter  articulates  distally  with  the   crest  of  the  ilium.     The  head  of 

'^^     rib  has  fused    completely  with   the    parapophysis   at   the  latero- 

^Perior  angle  of  the  centrum.     The  distal  portion  of  this  element  of 

^^  rib  probably  forms  the  stout  process  which  abuts  the  great  peduncle 

t.he    ilium,    although   this   cannot   be    positively  determined    from 

^    specimen  under  consideration.    But  there  can  be  no  doubt  that  the 

^^ ^So-sacral  of  this  genus  is  a  modified  presacral  vertebra. 

The  position  of  the  capitular  attachment  of  the  ribs  on  the  lateral 
*~^«ice  of  the  vertebral   centra,  as  observed  in   the   anterior  dorsals, 

S^^«-te 

^^^als,  and  caudals,  is  evidently  the  primitive  one.      From  that  point 

^^^     facets  have  been   thrust  upward   by  the   dilation  of  the  posterior 

^^^acicand  floating  ribs.      The  position  of  the  capitular  attachment 

"the    superior  angle  of   the   centrum    in    the   dorso-sacral    vertebra 

^l>lies  that  the  rib  has  either  become  fixed  in  its  actiuired  function  at 

.      A->^riod  in  ancestral  development,  when  the  attachment  of  the  last  rib 

l^^a    reached  this  point  in  its  upward   progress,  or  that,  having  been 

-.    ^^"V-ated,  it  was  again  depressed  in  order  to  meet  the  stress  of  this  new 

Action.      The  amount  of   modification   in   the  spine,   zygapophyses, 

,    ^^   centrum  of  this  vertebra  indicates  that  its  union  with  the  sacrum 

^^   taken  place  at  a  compiiratively  recent  period. 

CAUDAL  VERTERR/E. 

The  series  of  caudal  vertebrae  as  represented  by  the  Museum  si)eci- 
'^^ti  is  not  essentially  different  from  that  figured  in  Marsh's  restoration 
^^  ^''Brontosaurus/*     (See  Plate  lii.)      Dr.  Osborn   has  insisted*  that 
^*ght  or  ten  of  the  anterior  vertebrx  were  omitted  in  Marsh's  restora- 
tion, and  has  also  estimated  f  that  seven  anterior  vertebrx  were  miss- 

*  Memoirs  of  the  American  Museum  of  Natural  History.  Vol.  i.  Part  v,  p.  213. 
fBall.  Am.  Mus.  of  Nat.  Hist.,  Vol.  x,  p.  224. 
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ing  from  the  American  Museum  specimen  No,  122,  described  by  him 
as  Camaraiauruj.  In  this  he  has  evidently  fallen  into  error  from  tnis- 
talcing  sacral  v  for  caudal  i  and  from  comparing  the  caudal  series  of 
this  form  with  that  of  Diplodocus.     (Sec  Fi-rs.   ti  and  i?,  Plate  xlvii.) 

As  neither  of  the  three  caudal  series  above  mentioned  is  complete 
distaliy  they  offer  no  positive  basis  of  comparison  as  to  number  of 
vertehrsE.  In  the  Museum  specimen  the  number  of  anterior  caudals 
bearing  ribs  is  twelve,  that  figured  in  the  Yale  specimen  is  the  same, 
while  the  number  observed  by  the  writer  in  the  American  Museum 
specimen  (exclusive  of  sacral  v)  is  eleven.  The  diapophyses  disap- 
pear in  the  Museum  specimen  and  in  the  Yale  specimen  in  caudal  v; 
in  the  American  Museum  specimen  they  disappear  in  caudal  iv.  The 
number  of  anterior  vertebrae  having  lateral  cavities  in  the  centra  is  five 
in  the  Museum  specimen  as  compared  with  three  described  by  Marsh 
in  the  Vale  specimen.  While  the  point  of  disappearance  of  such  a 
vestigial  element  as  the  caudal  rib  cannot  be  regarded  as  constant, 
and  the  presence  of  lateral  cavities  in  the  centra  is  even  more  variable, 
the  fact  that  these  points  in  Marsh's  restoration  agree  so  closely  with 
the  Museum  specimen  indicates  that  the  restoration  is  approximately 
correct  in  this  particular.  On  the  other  hand,  there  is  probably  not 
more  than  one  anterior  caudal  vertebra  missing  from  the  series  in  the 
American  Museum  specimen. 

The  first  caudal  vertebra  has  a  number  of  characteristics  which  at 
once  distinjfuish  it  from  other  members  of  the  series.  Most  noticeable 
among  these  is  the  anterior  articulating  surface  of  the  centrum,  which 
is  concave  in  its  upper  half,  but  convex  below.  The  interior  of  the 
centrum  contains  numerous  small  cavities,  the  pedicles  are  hollow,  the 
base  of  the  spine  is  complicated  by  numerous  infokiings  of  the  periph- 
eral lamina,  the  sacral  ribs  are  expanded  into  broad,  lateral  wings 
coQssified  with  the  diapophyses  by  a  thin  vertical  plate  thickened  and 
rugose  at  its  lateral  border;  the  prezygapophyses  face  upward  as  well 
as  inward,  and  are  excavated  at  their  bases  by  deep  lateral  fossae. 

Each  of  the  anterior  caudal  vertebrae  bears  a  pair  of  lateral  plates 
which  project  from  the  surface  of  the  centrum,  the  neural  arch,  and 
the  base  of  the  spine.  These  are  made  up  of  two  elements:  (1)  the 
caudal  rib,  which  arises  from  the  lateral  surface  of  the  centrum,  and 
{2)  the  diapophysis,  which  springs  from  the  neural  arch  as  in  the  sacral 
and  presacral  vertebrae.  These  elements  are  very  similar  in  form  to 
those  of  the  primary  sacrals,  except  that  they  are  connected  by  a  con- 
tinuous vertical  plate  which  is  thickened  at  its  lateral  border,  forming 
a  stout  bar.      (Plate  LII.)' 

The  caudal  rib  springs  from  the   lateral  surface  of  the  centrum, 
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^DQve  the  middle,  In  the  form  of  a  stout  process  terminating  in  an 
€*panded  and  rugose  extremity  analogous  to  the  parapophyses.     The 
"**Pophysial  element  arises  from  the  lateral  surface  of  the  neural  arch 
"7  anterior,  posterior,  and  inferior  roots,  analogous  to  those  of  the 
"'apophyses  in  the  thoracic  vertebrae.     The  two  elements  are  con- 
nected by  a  vertical  plate,  which  bears  on  its  lateral  margin  a  thick- 
ened  and  rugose  surface  facing  laterally.     Passing  backward  in  the 
Scries  the  diapophysial  element  is  reduced   to  a  roughened,  vertical 
ridgrQ  on  the  centrum  in  caudal  iv.     The  parapophysial  element  per- 
*'sts  as  a  stout,  vertically  compressed  process  as  far  back  as  ix,  disap- 
pearing entirely  with  xii. 

The  centrum  in  the  first  caudal  vertebra,  as  before  described,  is 

^Oncave  in  its  upper  half,  but  convex  below.     The  posterior  face  is 

Tregufarly  convex.     The  interior  of  the  centrum  has  numerous  small 

Cities,  especially  at  the  rim  of  the  articular  ends.     There  are  no 

^i   developed  lateral  fossje.     With  the  second  vertebra  the  typical 

'^'"^CqjIous  form  of  centrum  begins.     The  anterior  concavity  continues 

"^*te  marked  as  far  back  in  the  series  as  the  ninth;  from  this  point  it 

''finishes  in  prominence,   disappearing  entirely  with    the   sixteenth. 

*^^    posterior  surface  of  the  centrum  is  but  slightly  convex  in  any  of 

^     caudal  vertebrae.     In  the  second  caudal  the  surface  is  in  general 

^V'ex   with  a  slight  concavity  a  sliort  distance  above    the   center. 

^^^**ing  backward  in  the  series  this  concavity  increases  in  area  to  the 

_^  ^ iteration  of  the  general  convexity,  so  that  in  the  seventh  the  former 

ominates.      From   this    point   backward    the   posterior    concavity 

-^  ^        ists,  being  most  prominent  from  the  tenth  to  the  sixteenth.      From 

-^''^    it  will  be  seen  that  the  proccjelous  tyi)e  prevails  from  tlie  first  to 

^*    ninth  and  grades  into  an  uncertain  amj)hic(jelous  type  which  pre- 

s  as  far  back  as  the  sixteenth,  where   it  in  turn   gives  i)hice   to  an 

^ular  amphiplatyan  form. 

Two  sets  of  cavities  occur  in   the  centra   of   the   anterior  caudal 

^*"tcbrae,  the  first  above  and  the  second  below  the  root  of  the  sacral 

These  will  be  designated  respectively  as  supra-  and  infra-costal 

e,  according  as  they  occur  above  or  below  the  root  of  the  caudal 

^-       These  cavities  cannot  be  rcjLrardecl   as  constant  characteristics, 

^   tliey  are  sometimes  present  on  one  side  and  absent  on  the  other. 

^^  lateral  cavities  in  the  centra  persist  as  far  back   as  caudal  v  in 

***s  specimen.     In  caudal  i  the  suj)ra-costal  cavity  is  represented  by  a 

"Sht  infolding  of  the  periphery  of  the  centrum  on  the  anterior  side 

the  lateral    plate.      In   caudal   11  cavities  are  j)resent  on   both   the 

^J^^erior  and   the  posterior  side  of  the  lateral   plate.      In   iii  there   is  a 

**^8rle  supra-costal  cavity  on  the  posterior  side ;  in  iv  the  same  persists. 
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but  is  reduced  ia  size,  disappearing  entirely  with  v.  The  infra-COStal 
fossffi  begin  with   n,  become  most  pronounced  in  iv,  and  disappear 

with  V. 

The  nmral  anh  is  low  and  massive  throughoui  the  caudal  scries, 
the  neural  canal  forming  a  median  groove  in  the  upper  side  of  the 
centra,  'i'he  pedicles  in  the  first  caudal  vertebras,  in  addition  to  being 
hollow,  are. excavated  laterally  by  deep  cavities,  which  enter  them  on 
the  anterior  side  of  the  lateral  plate.  They  give  rise  also  to  the  thin, 
vertical  plate  which  connects  the  diapophyses  and  the  caudal  ribs.  In 
the  second  caudal  one  pedicle  is  hollow,  the  other  solid.  Caudals 
II  to  V,  inclusive,  have  the  pedicles  excavated  at  the  base  posterior  to 
the  lateral  plate,  From  this  point  backward  the  neural  arch  becomes 
a  simple,  low,  massive  structure,  giving  rise  to  the  zygapophyses  and 
the  neural  spines. 

The  neural  spines  ax^  similar  in  their  elementary  structure  to  those 
of  the  posterior  dorsal  \'ertebrje.  They  are  composed  primarily  of  a 
stout  median  plate  and  a  pair  of  slighter  flanking  plates.  The  median 
plate  is  rug'ose  on  the  anterior  and  posterior  margins  for  the  attach- 
ment of  inler-spinous  ligaments.  Near  the  crest  the  lateral  plates  are 
also  thickened  and  rugose  for  muscular  attachment.  In  the  anterior 
members  of  the  series  the  crest  is  cruciate  in  cross- section.  Two 
pairs  of  lateral  buttresses  which  arise  from  the  pre-  and  postzygapophy- 

antero-posterior  strains.  These  lateral  buttresses  become  rapidly 
reduced  as  we  pass  backward  in  the  series,  and  disappear  entirely  in 
XII.  In  the  first  caudal  vertebra  the  spine  is  similar  in  height  to  that 
of  the  last  sacral,  and  stands  almost  vertical,  but  the  spines  of  the  suc- 
ceeding vertebra;  are  rapidly  reduced  in  length  and  inclined  backward 
(Plate  Lii).  In  xiv  the  spine  is  reduced  to  a  short,  blunt  median 
plate  and  is  but  Utile  expanded  distally.  With  xviii  the  spines  begin 
to  elongate  antero-posterioriy. 

The  sygapophyses  are  small  in  comparison  with  the  size  of  the 
vertebra;.  They  articulate  in  this  specimen  as  far  back  as  the  twenty- 
third  vertebra.  The  prezygapophyses  are  borne  upon  a  pair  of  but- 
tresses, which  spring  from  the  anterior  surface  of  the  neural  arch.  In 
the  anterior  members  of  the  series  they  are  supported,  in  addition,  by 
two  pairs  of  posterior  roots,  which  arise  respectively  from  the  base  of 
the  lateral  spinous  plate  and  from  the  diapophysis,  as  in  the  thoracic 
vertebra.  With  the  reduction  of  the  diapophysial  element  in  the 
lateral  plate,  the  third  root  of  the  prezygapophysis  merges  into  the 
first;  the  second  root  also  disappears  in  caudal  x,  leaving  only  the 
inferior  buttress.      The  articulating  surfaces  are  convex,  and  through- 
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out  the  greater  part  of  the  series  are  directly  opposing.  However,  in 
the  first  vertebrae  they  face  upward  as  well  as  inward  and  have  their 
bases  excavated  by  deep  lateral  cavities.  The  post-zygapophyses 
take  the  form  of  vertical  plates  borne  upon  the  posterior  angles  of  the 
neural  spine.  They  are  supported  from  above  by  a  vertical  continu- 
ation of  the  lateral  spinous  plate.  In  the  anterior  caudals  there  is 
also  a  lateral  brace  which  springs  from  the  diapophysial  element  of 
the  lateral  plate. 


XY 


xvm 


xxm 

V 


Fig.  18.    Anterior  view  of  chevrons,  showing  gradation  in  structure. 

The  caudal  chrorons  are  of  three  types,  the  closed  arch,  the  open 
arch,  or  transitional  type,  and  the  double  arch.  (Fig.  18.)  Of  these 
the  latter  two  appear  far  back  in  the  series  where  the  vertebrae  are 
much  reduced  in  size.  The  closed  arch  niav  therefore  be  considered 
as  the  most  characteristic  type.  Many  of  the  chevrons  found  with 
this  specimen  were  so  displaced  that  their  position  cannot  be  accurately 
determined.  The  presence  of  a  short,  stout  chevron  imbedded  in  the 
matrix  beneath  the  first  caudal  vertebra  suggests  that  ail  of  the  anterior 
caudal  vertebrae  may  have  been  chevron-bearing. 
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THE  PELVIS. 

The  pelvic  bones  are  well  preserved,  except  the  left  ilium,  which 
is  waterworn.  On  account  of  its  absence  the  pelvis  is  figured  from 
the  right  side  in  Plate  l,  and  the  same  parts  reversed  are  used  in 
Plate  Lii.  The  coossification  of  the  pubis  and  ischium  on  the 
right  side  establishes  beyond  question  the  correct  relation  between 
these  bones.  Their  distal  ends  are  more  divergent  than  Marsh '^figure 
indicates.  This,  with  the  more  forward  inclination  of  the  whole 
pelvis,  as  evidenced  by  the  downward  curvature  of  the  presacral  ver- 
tebrae, directs^  the  ischium  more  backward  and  the  pubis  somewhat 
more  downward  than  formerly  figured  in  this  genus.  In  fact,  these 
relations  approach  very  closely  to  those  indicated  by  Marsh's  figure 
of  Atlantosaurus,'*^ 

The  ilium  is  one-fourth  larger  than  that  figured  in  Marsh's 
restoration,  and  shows  the  character  of  the  crest  which  was  want- 
ing in  that  specimen.  It  articulates  mesially  with  the  ^va.  coalesced 
sacral  ribs  and  the  corresponding  diapophyses.  The  articulating 
surface  for  the  ribs  is  a  crescentic  projection  of  the  mesial  surface 
just  above  the  acetabulum.  The  greater  and  lesser  peduncles  articu- 
late below  with  the  proximal  ends  of  the  pubis  and  ischium, 
respectively. 

The/«^^j  are  a  pair  of  massive  bones,  broad  in  the  proximal  half 
and  expanded  into  irregular,  rugose  knobs  distally.  They  articulate 
proximally  with  the  great  peduncles  of  the  ilium  by  broad  cartilagi- 
nous connections,  laterally  with  the  ischia  by  their  thin  posterior 
margins,  which  extend  downward  from  the  acetabulum,  and  distally 
with  one  another  by  a  cartilaginous  union  at  the  median  line.  The 
articulation  with  the  ischia  may  in  advanced  age  give  place  to  coossifi- 
cation, as  has  occurred  in  the  right  side  of  the  pelvis  under  considera- 
tion. Anterior  to  the  ischio-pubic  articulation  there  is  a  rugose 
thickening  of  the  pubic  border  evidently  for  union  with  its  fellow  at 
the  median  line.  It  is  probable  that  the  pubes  were  connected  by 
cartilage  from  the  ischio-pubic  articulation  to  the  distal  end.  The 
pubic  foramen  opens  downward  just  below  the  anterior  border  of  the 
acetabulum.     (Plate  l.) 

The  ischia  are  much  slenderer  than  the  pubes.  Their  proximal 
ends  are  expanded  into  broad,  articular  surfaces,  which  connect  superi- 
orly with  the  lesser  peduncles  of  the  ilia,  and  inferiorly  with  the  pubes 
by  the  anterior  margin  of  the  blades.  They  form  the  postero-inferior 
boundary  of  the  acetabulum.     The  shaft  curves  outward  and  backward 
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terminating  in  a  rugose  knob.  Froni  the  niidille  of  the  shaft  to  the  distal 
end  the  pubcs  are  joined  in  a  more  or  less  mobile  ligamenlary  union. 

The  acrtaMum  is  formed,  in  its  upper  half,  by  the  inferior  border, 
and  the  greater  and  lesser  peduncles  of  the  ilium;  in  the  lower  half 
by  the  proxrmiil  ends  of  the  pubis  and  ischium.  In  the  normal  quadri- 
pedal  posture  the  thrust  of  the  femur  is  received  by  the  inferior  border 
of  the  ilium  jnat  below  the  sacricostal  yoke.  In  the  bipedal  posture 
the  weight  would  be  borne  by  the  great  peduncle  which  is  supported 
by  tlie  rib  of  the  dorso-sacral  vertebra. 

The  n'^s  of  the  dorso-sacral  vertebra  articulate  with  the  anterior 
surface  of  the  greater  peduncle.  Similarly  the  ribs  of  the  caudo-sacral 
vertebra  nrticulate  with  the  pnstero-internal  surface  of  the  lesser 
peduncle  and  with  the  mesial  wall  of  the  iliac  plate.  From  the  point 
of  articulation  of  each  of  the  five  sacral  ribs  a  transverse  plate  extends 
upward  along  the  mesial  wall  of  the  iliac  plate.  These  plates  in  the 
left  side  of  the  Museum  specimen,  have  become  firmly  conjoined  with 
the  sacral  ribs  and  the  diapophyses,  leaving  only  a  small  foramen 
above  the  sacricostal  bar. 

The  femur  in  the  Museum  specimen  is  compressed  in  the  shaft 
a ntero- posteriorly,  hm  is  otherwise  splendidly  preserved.  (Plate  li.) 
It  is  a  stouter  bone  than  that  of  any  other  known  OpisthoccElian  except- 
ing the  uausually  stouk-Umbed  form  designated  by  the  species,  A. 
amf'liK.  The  head  is  rugose  and  rises,  five  centimeters  above  the  great 
trochanter.  The  fourth  trochanter  is  marked  by  a  sharp  and  rugose 
ridge  ;it  the  postero  internal  angle  of  the  shaft,  slightly  above  the 
middle.  The  distal  end  is  expanded  into  heavy  condyles,  deep 
antero-posteriorly.      The  outer  one  is  cleft  by  a  deep,  fibular  groove. 

measurements. 
Kkmib:  M 

l.*^"Kll' — - - 1.830 

llrvaiUh,  htiul  and  great  tiXKiianter __ ___ 570 

Hreadlh  at  middle  of  shah.   .310 

Hreaiith.  distat  eiul ___     ,^go 

.-\iitrn.>  i>i'Sterii>r  diameter  cf  Inner  condyle -- .410 

Interior  Ixirder  of  ismrth  iriHtunler  to  distal  end 8S0 

l.eiiiith  of  fourth  troohamer.-- .400 

Anicrtv)Histeri<ir  diameter  ot  he  .id. -3pO 

l.elislhover.ill -.- l.jjO 

.Vtewtniluiu  to  superior  (vriicr.         _ .400 

l.engtli  of  sf'--"  pevliiii.le  on  anterior  suri..ce .410 

lv»se  oi  lire -It  i^ediiuele  10  anterior  iiurgin ^40 

lire.iilth  f^i'iu  lesser  p^tmcle  to  postero-sjperior  surface _tjo 

HreaJth  ot  .iieut>u;um ;i; 
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Ischium:  M 

I  Length  over  all -- ---    1.170 

Breadth  of  proximal  end - -- 770 

Breadth  of  distal  end -    -     .350 

Least  breadth  of  shaft -.  .170 

Pubis: 

'  Length  over  all _..._.,  1.210 

Greatest  breadth  at  proximal  ei hi        ._        -. .860 

Greatest  breadth  at  distal  end     .-       .     .-     ._   480 

Least  breadth  of  shaft .  ...     .270 

RESTORATION. 

The  accompanying  figure  of  the  skeleton  of  Apatosaurus  (Plate 
Liii)  is  based  upon  the  Museum  specimen  as  figured  in  Plate  lii.  The 
cervical  series  and  the  limbs  are  supj)lied  according  to  Marsh's  figure, 
with  certain  modifications  where  it  is  known  to  be  in  error.  As  the 
complete  cervical  series  is  not  known,  the  number  of  vertebrae  and  the 
character  of  the  neural  processes  are  more  or  less  conjectural.  The 
skull  is  regarded  as  essentially  unknown.  The  figure  of  the  Museum 
specimen  is  made  with  the  greatest  care  from  projection  drawings  of 
each  bone  made  separately  and  assembled  in  the  figure  as  a  whole. 
The  distortions  not  corrected  in  working  out  the  specimen  are  copied 
exactly  in  the  drawing.  Supplied  parts  arc  indicated  by  dotted  lines 
in  the  separate  figures. 

The  most  noticeable  feature  brouj^ht  out  is  the  shortness  of  the 
body  as  compared  with  other  proportions.  The  crest  of  the  dorsal 
arch  stands  just  in  front  of  the  sacrum.  The  long  spines  in  this  region 
evidently  served  as  the  center-pole  to  which  the  muscles  for  lifting 
both  the  anterior  part  of  the  body  and  the  tail  were  attached.  In 
£;eneral  outline  a  striking  similarity  will  be  noticed  between  this  figure 
and  Marsh's  first  restoration  of  this  genus.  In  fact,  as  pointed  out  in 
an  earlier  note,  the  original  restoration  represented  almost  the  entire 
skeleton  and  was,  in  the  main,  correct.  Later,  Professor  Marsh  evi- 
dently became  dissatisfied  with  its  proportions  and  inserted  three  ad- 
ditional posterior  dorsal  vertebrae,  a  lumbar,  anil  two  cervicals.  The 
number  of  ribs  was  raised  from  ten  to  thirteen,  the  crest  of  the  d(.>rsal 
arch  was  carried  forward  to  the  niidille,  and  a  sufficient  length  of  cos- 
tal cartilage  was  inserted  to  extend  the  thora.x  in  proportion.  These 
additions  mark  almost  exactlv  the  extent  of  his  error. 
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SUMMARY. 
The  following  conclusions  are  derived  from  this  paper. 

I.  "Opisthoctelia"  has  precedence  over  "Sauropoda"  and  "Ci;- 
tiosa.uria. ' ' 

a.    Bronlgsaiirus  is  a  synonym  of  Apatosaurus. 

3.  The  species  A.  ajax  cannot  be  recognized  in  the  adult;  A,  ex- 
Cfhus  is  probably  a  synonym  of  A.  latkolHi;  A.  amplus  is  valid. 

4.  The  number  of  dorsal  vertebrK  is  ten. 

5.  There  are  no  lumbar  verlehrK. 

6.  There  are  five  pairs  of  true,  and  five  pairs  of  floating  ribs. 

7.  The  sacrum  is  made  up  of  three  primary  and  two  secondary 
sacral  vertebrse,  all  of  which,  in  the  adult,  connect  with  the  ilia  by 
sacral  ribs  and  diapophyses.  The  primary  sacrals  are  coossified  by 
their  centra,  zygapophyses,  and  spines;  the  secondary  sacrals  are  free 
until  adult  age  and  then  coOssify  with  the  true  sacrals  by  centra  and 
lygapophyses. 

8.  Sacral  i  is  a  modified  dorsal,  sacral  v  a  modified  caudal. 

Q.  The  last  pair  of  floating  ribs  tends  to  cofesify  with  the  vertebra 
by  head  and  tubercle,  and  with  the  ilia  by  the  distal  ends, 

ro.  I'here  are  one  or  two  more  anterior  caudal  vertebra  tbaa  was  ■ 
figured  in  Marsh's  restoration. 

II.  The  caudal  chevrons  pass  from  the  closed  Y  anteriorly  to  the 
double-arch  type  posttjriorly  very  much  as  in  Diplodocus. 

12.  The  ilium  inclines  more  forward,  and  the  pubis  and  ischium 
are  more  divergent  distally  than  previously  figured. 

13.  The  crest  of  the  dorsal  arch  is  at  the  anterior  end  of  the 
sacrum. 


—      Figs.  1  to  X.    Dorsal  vertebrs  o(  Apatosaui 


Fio.  XI.    Posterior  view  of  sacral  V,    Fig.  XII.    Same  of  caudal  I.    All  X  ^- 
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OBSERVATIONS   ON   THE   GEOGRAPHY    AND   GEOLOGY 
OF   WESTERN  MEXICO,  INCLUDING  AN  ACCOUNT 

OF   THE   CERRO   MERCADO. 


BY  O.  C.  FARRINGTON. 


The  observations  upon  which  the  accompanying  paper  is  based 
were  gathered  by  the  writer  during  a  two  weeks'  journey  in  the 
State  of  Durango,  Mexico,  made  in  the  spring  of  1896.  The  jour- 
ney was  so  brief  that  detailed  study  of  the  region  was  not  possible. 
The  territory  is  so  little  known,  however,  that  even  the  fragmen- 
tary observations  that  could  be  made  seemed  worthy  of  preservation. 

The  region  especially  to  be  described  is  that  indicated  by  the 
route  shown  on  the  accompanying  map  (Plate  LIV.),  leading  from 
the  city  of  Durango  westward  to  the  mining  town  of  Villa  Corona, 
commonly  called  Ventanas.  The  distance  in  a  direct  line  between 
these  two  places  is  about  seventy  miles,  but  the  circuitous  route 
which  must  be  followed  necessitates  traveling  fully  one  hundred 
miles.  Travel  must  be  accomplished  either  on  foot  or  by  pack- 
train.  The  writer's  journey  was  made  both  ways  by  pack-train, 
which  traveled  on  the  outward  journey  at  a  rate  of  about  twenty 
miles  per  day,  while  the  return  was  made  at  a  somewhat  greater 
speed.  The  course  followed,  for  the  most  part  the  usual  route  from 
Durango  to  Mazatlan,  between  which  cities  a  certain  amount  of 
traffic  is  regularly  carried  on.  Numerous  mining  camps  scattered 
through  the  intervening  mountain  region  obtain  their  supplies  chiefly 
from  these  centers.  The  territory  covered  was  all  comprised  within 
the  State  of  Durango.  In  a  general  way  the  route  passed  across 
the  western  portion  of  the  interior  plateau  of  Mexico,  rising  gradually 
from  a  height  of  about  6,000  feet  at  Durango  to  one  of  about  9,000 
feet,  and  then  a  descent  was  made  down  the  western  or  Pacific  slope 
to  a  level  of  about  2,000  feet. 

No  previous  account  in  detail  regarding  the  geography  or  geology 
of  this  region  has,  so  far  as  the  writer  is  aware,  ever  been  published. 
In  a  journey  from  Santiago  Papasquiaro  southward,  Lumholtz 
touched  at  San  Dimas  and  Ventanas,  and  has  given  a  few  brief  notes 
regarding  general  features  of  the  country.* 

♦Unknown  Mexico.  Vol.  I.,  p.  452. 
*  197 
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Weed  gives  in  admirable  detail  a  section  about  one  hundred! 
and  fifty  miles  farther  north,  his  route  leading  from  Parral  in  Chi- 
huahua via  Guadalupe  y  Calvo  to  the  Gulf  of  California.*     Many  of 
his  general  observations  would  apply  to  the  region  under  discussion,    i 

The'City  of  Durango,  at  which  commenced  the  present  writer's 
journey  over  the  region  especially  to  be  described,  is  situated  upon  an 
alluvial  plain  hemmed  in  by  low  hut  rugged  hills.  Eighteen  miles  to  the 
southeast  is  a  district  known  as  La  Brefia,  which  is  quite  celebrated 
for  its  volcanic  features.  Numerous  caverns,  extinct  craters,  crev- 
ices full  of  lava,  and  heaps  of  scoria  are  there  said  to  abound.  j 

The   area   immediately   about   Durango  is,    however,   compara- 
tively level.      Its  climate  is  semi-arid,  and  it  is  therefore  treeless.   ] 
Sufficient  grass  grows  upon  the  plains,  however,  to  permit  of  the  j 
raising  of  cattle  and  sheep  on  extensive  ranches.     The  soil  is  fine-    | 
grained,  and  of  a  yellow  color  for  the  most  part.     About  a  mile  lo 
the  north  of  Durango  rises  the  remarkable  Cerro  Mercado.  or  Iron    i 
Mountain,  a  detailed  description  of  which  is  deferred  to  a  later  page. 
The  suburbs  of  Durango  are  drained  by  the  Rio  Tunal,  which  Joins 
the  Rio  Mezquital  and  empties  into  the  Pacific.     The  longitudinal 
valley  to  the  north  of  Durango.  however,  is  drained  by  streams  which    ' 
unite  from  north  and  south  courses  to  flow  eastward.     From  these 
Etreams  results  the  Rio  Nazas,  which  courses  lazily  through  the  broad  i 
basin  known  as  the  Desert  or  RoUon  of  Maj'imi,  until  it  reaches  the 
Laguna  de  Mayran.     This  take  has  no  outlet.     There  is  little  doubt 
that  at  one  time,  however,  a  stream  extended  from  it  to  the   Rio 
Grande,  two  hundred  miles  to  the  north,   for  although  the  matter 
has  not  been  studied  from  the  topographic  standpoint,  a  recent  inves- 
tigation of  the  fish  fauna  of  the  Rio  Nazas  by  Meekf  shows  that  Rio 
Grande  species  of  fish  inhabit  the  Nazas  in  large  numbers.     The  inter- 
ruption of  the  connection  may  be  accounted  for  in  three  ways.     i. 
A  warping  of  the  valley.     That  some  warping  has  occurred  is  indi- 
cated by  the  basin-Uke  character  of  the  region,  also  by  the  existence 
of  lakes  in  which  the  rivers  terminate,  showing  drainage  from  more 
than  one  direction.     No  further  evidence  in  detail  regarding  crust 
movements  here  is.  however,  at  hand,     2.  Increasing  aridity  of  cli- 
mate.    That  such  a  change  is  taking  place  is  commonly  believed  by. 
residents  of  the  region,  who  point,  in  support  of  their  view,  to  areas 
now  dry  which  they  remember  as  once  covered  with  water.     Hewett 
is  also  inclined  to  favor  this  view. J 

♦Trans.  Am.  Inst.  Min.  EnR..  Vol.  XXXII.,  pp.  444-458. 
t.AnK-r.  N'.-Ltiiralist,  Vol.  XXXVII..  p.  778. 
JAdvancf  sliirt.  Disaisfion  of  W.  H.  Weeds 
Sii-rra  Madrt  Oi-ddental  oi  Mfxiio.  Trails.  Am,  Inst 
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In  the  absence  of  detailed  and  long-continued  observations 
regarding  the  amount  of  rainfall,  however,  such  opinions  must  be 
accepted  with  hesitation,  since  less  obvious  causes  may  have  pro- 
duced the  results  noted.  3.  Abstraction  of  the  waters  by  westward- 
flowing  streams.  That  to  this  cause  may  be  chiefly  assigned  the 
diminution  of  the  waters  to  the  eastward  seems  probable.  The 
westward  streams  are  torrential  in  character,  and  hence  are  capable 
of  cutting  backward  rapidly.  Studies  by  Meek,  as  yet  unpublished, 
of  the  fish  fauna  of  the  Rio  Tunal,  show  that  its  fauna  is  also  that  of 
the  Rio  Grande.  Hence  the  Rio  Tunal  has  probably  cut  back  into 
streams  that  once  flowed  eastward.  While  no  further  data  on  this 
point  are  available,  it  is  highly  probable  that  studies  of  the  adjoin- 
ing rivers  would  show  similar  results,  and  prove  that  the  divide 
of  the  Western  Sierra  Madre  as  a  whole  is  gradually  moving 
eastward. 

Passing  westward  from  Durango,  the  country  appears  of  a 
somewhat  rolling  character,  sparsely  coated  with  soil,  and  semi-arid 
as  to  climate.  Cacti,  mesquite,  and  scrub  oaks  constitute  the  chief 
natural  vegetation.  Where  the  soil  is  deep,  however,  com  can  be 
successfully  grown.  The  Rio  Chico,  here  a  narrow  and  easily  ford- 
able  stream,  was  crossed  some  hours  after  leaving  Durango.  Its 
valley  is  several  hundred  feet  deep,  with  steep  and  terraced  sides. 
Three  distinct  terraces  were  noted,  but  of  their  origin  nothing  can 
be  stated. 

The  rocks  for  a  long  distance  westward  were  plainly  eruptive 
in  character,  generally  porphyritic,  and  appearing  to  be  dacites  and 
rhyolites.  The  topography  is  characterized  by  a  series  of  mono- 
clines dipping  to  the  east,  with  abrupt  faces  to  the  west.  Thus  the 
plateau  rises  westward  by  series  of  low  steps. 

The  ariditv  of  the  countrv  continued  until  toward  the  close  of  the 
second  day's  travel,  when  pines  began  to  appear.  These  soon  thick- 
ened into  extensive  forests  such  as  are  shown  in  Plate  LV.  During 
the  journey  of  three  following  days,  this  pine  forest  continued  almost 
without  interruption.  Variations  in  the  size  and  height  of  the 
trees  occurred,  and  there  were  occasional  rocky  areas  where  trees 
could  not  grow,  but  the  general  character  of  the  region  was  forested. 
Some  flat  areas  were  also  treeless,  on  account,  probably,  of  their  sub- 
mergence during  the  rainy  season.  The  species  of  pine  constituting 
the  forests  was,  in  general,  a  long-leaved  sort.  The  larger  trees  were 
about  two  feet  in  diameter  at  the  butt  and  perhaps  fifty  to  sixty  feet 
high.  They  rarely  exceeded  this  size,  and  averaged  smaller.  As 
usual  in  pine  forests,  there  was  an  entire  absence  of  underbrush. 
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The  trunks  of  the  trees  were  often  blackened  bj'  fire,  but  the  tree^l 
themselves  rarely  showed  signs  of  injury  from  this  cause.  Oaksl 
were  interspersed  among  the  pines,  and  these  grew  more  abundantjl 
toward  the  west.  In  the  open  spaces  grass  grew  abundantly.  botS 
deciduous  bushes  or  trees  were  generally  few.  Signs  of  aninutM 
life  were  not  abundant.  At  night  the  barking  of  coyotes  coul^l 
be  plainly  heard,  especially  as  the  higher  elevations  were  reachedfl 
Hunters  from  Durango  and  other  cities  are  accustomed  to  visit  thifl 
region  to  procure  deer  and  mountain  lions,  but  neither  were  sceifl 
on  the  writer's  journey.  M 

By  man  the  region  is  practically  uninhabited.  Three  so-calle^B 
ranches  were  passed,  which  employ  from  three  to  ten  hands  eacbfl 
but  their  production  is  scanty,  and  their  income  seems  to  be  derive^H 
chiefly  from  the  sale  of  supplies  to  passing  pack-trains.  Small  herd^fl 
of  cattle  belonging  to  these  or  other  ranches  were  occasionallv  encouQ'^ 
tered,  but  the  possibilities  of  the  region  for  grazing  purposes  seemedj 
to  be  practically  unutilized.  H 

Pack-trains,  going  to  Durango  chiefly  from  Mazatlan.  were  passeJM 
at  least  as  often  as  everj'  day,  and  sometimes  two  or  three  in  a  dayJB 
The  trains  were  usually  small,  numbering  from  three  to  fifty  mule^S 
and  were  laden  with  tropical  fruits,  com,  or  other  staples,  Occa^^l 
sionally  foot  travelers  making  the  same  journey  were  also  eocoui^| 
tered,  their  burden  being  in  one  case  parrots  and  in  another  strat^^ 
"sombreros." 

Such  rocks  as  could  be  observed  in  passing  were  plainly  of  igneous 
origin,  tuffs  being  prominent  among  them.  Occasionally  chalce- 
donic  and  jasperized  seams  were  noted,  indicating  a  secondary  infil- 
tration of  siliceous  waters. 

The  steady  upward  trend  of  the  plateau  was  made  evident  by  a 
change  in  vegetation  and  an  increasing  coolness  of  temperature.  At 
the  higher  levels  the'cUmate  is  too  cold  for  even  the  growing  of  wheat. 
Grass  suitable  for  cattle  grows  in  abundance,  however,  even  at  the 
highest  part  of  the  plateau.  Mountain  streams  with  clear  waters 
were  crossed  at  intervals,  giving  evidence,  together  with  the  abun- 
dant forests,  that  this  ]jart  of  the  plateau  is  well  watered. 

On  the  evening  of  the  lifth  day  a  group  of  rude  buildings,  known 
as  the  Ciudad  ranch  (Plate  LVI.).  was  reached.  This  ranch  derives 
its  name  from  the  fact  that  in  its  vicinity  occurs  an  area  of  remark- 
able erosion  forms,  known  locally  as  La  Ciudad  de  Rocas  {"The  City 
of  Rocks").  Although  the  area  is  not  visible  from  the  trail  itself. 
it  can  be  seen  bv  going  a  short  distance  from  the  latter.  Mr.  Rich, 
at  that  time  manager  of  the  ranch,  kindly  guided  me  to  some  ghmpses 
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of  the  area,  the  character  of  which  can  be  judged  from  the  accom- 
panying views,  Plates  LVII.  and  LVIII. 

The  area  is  one  of  erosion  forms,  the  channels  between  which  are 
worn  down  to  a  remarkably  uniform  level,  so  that  prominences  seem 
to  arise  thickly  over  it  as  from  a  floor.  The  height  of  these  promi- 
nences is  from  about  thirty  feet  down.  As  compared  with  the  erosion 
forms  so  common  in  the  bad  lands,  those  of  the  Ciudad  de  Rocas 
merit  attention  on  account  of  the  absence  of  pinnacles,  peaks,  ridges, 
and  angular  outlines  in  general.  Their  outlines  are.  on  the  contrary, 
domed  and  rounded,  and  exhibit  convex  and  concave  curves.  ^On 
closer  study  the  difference  in  outline  appears  less  than  at  first  sight, 
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Fig.  1.     Weathering  of  structural  block  with  talus.     After  Hicks. 

since,  as  has  been  shown  by  Gilbert,*  the  profiles  of  bad  land  slopes 
also  exhibit  convex  and  concave  curves  when  viewed  in  a  large  way. 
Convex  curves  upon  eroded  areas  have  been  shown  by  Hicks  to  be 
due  to  weathering  and  concave  curves  to  water  sculpture.!  The  man- 
ner of  production  of  the  convex  or  weather  curve  is  thus  described 
by  that  author:  "The  weathering  of  structural  blocks  reduces  their 
salient  angles,  which  are  attacked  from  both  of  the  adjacent  faces 
at  once..  At  the  point  x  (Fig.  i)  the  disintegrating  forces  act  with 
twice  as  great  intensity  as  at  6,  since  the  attack  comes  from  two  direc- 
tions. The  effects  are  more  than  twice  as  great  at  .r,  because  the 
products  of  decay  are  quickly  removed,  exposing  fresh  surfaces  to 
the  attack,  while  at  6  they  remain  to  cover  and  protect  the  subjacent 
beds.  Thus  the  structural  block  m  u  o  p  is  rounded  off  by  weath- 
ering. The  new  outline  a  b  c  is  composite.  The  portion  d  h  e 
is  a  weather  curve,  convex  upward.  If  weathering  alone,  without 
the  aid  of  flowing  water,  has  been  concerned  in  the  sculpturing  pro- 
cess, the  talus  slopes  a  d  and  c  c  will  be  structural  planes,  not  curves. 
The  structural  angle  c  c  p  will  be  determined   by  the   resting  angle 

♦Report  on  the  Geology  of  the  Henr>'  Mountains,  pp.  122,  123. 
tBull.  Geol.  Soc.  Amer.,  Vol.  4,  pj).   133-146.  iS()3. 
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of  the  materials  compoBing  the  talus,  and  that   again  will  depei 
upon  the  size  and  form  of  the  particles;  but  in  humid  regions  the  tali 
slopes  will  be  quickly  molded  into  water  curves.    •    *    »     The  result 
ing  form  a  b  c  will  be  a  rounded  rock,  a  smooth  knob,  or  a  round- 
topped  hill  or  mountain,  according  as  the  original  block  was  measured 
liy  inches  or  leagues." 

While  this  account  may  be  considered  in  a  general  way  descrip- 
tive of  the  ])rocess  which  has  been  foremost  in  the  production  of  the 
forms  of  the  Ciudad  de  Rocas,  the  manner  there  has  been  somewhat 
difi^ent,  since  there  is  a  notable  absence  of  talus  in  the  area.  \oLi 
only  is  there  practically  no  talus  on  the  slopes  of  the  promineno 
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buf  it  is  even   lacking   on   the    level   floor  as  well.     While  a   few 

small  trees  and  hushes  Hit!  suOicient  soil  for  their,  growth,  the 
area  is  practically  treeless,  although  surrounded  by  a  dense  forest. 
Hence  the,  sides  and  tops  of  the  prominences  lack  the  protection 
postulated  by  Hicks,  and  a  somewhat  different  form  is  produced. 
In  general,  it  may  be  assumed  that  this  form  would  be  somewhat 
steeper  (Fig.  2),  since  the  protective  influence  of  the  talus  at  the  sides 
would  be  lacking.  Nevertheless,  the  tendency  ^to  steepness  from  this 
cause  would  be  somewhat  counterbalanced  by  a  similar  lack  of  pro- 
tecting talus  at  the  top.  so  that  the  form  in  any  particular  case  would 
be  the  resultant  of  a  large  number  of  forces.  The  remarkably  complete 
removal  of  the  products  of  decay  from  the  Ciudad  de  Rocas  indicates 
probably  a  relatively  slow  disintegration  of  the  rock  as  compared 
with  the  speed  at  which  the  sandstones  and  clays  of  bad  land  regions 
break  down.  This  relatively  slow  disintegration  is  due  partly  to 
the  texture  and  composition  of  the  rock,  and  partly  also  probably 
to  a  scarcity  of  joints,  thus  limiting  the  number  of  points  of  attack. 
The  detritus  formed  is  thus  not  greater  in  amount  than  can  be  re- 
moved by  local  winds,  rains,  and  rills.  Another  structural  or  texlural 
feature  indicated  by  the  convex  forms  is  an  increasing  hardness  of 
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the  beds  downward,  the  term  hardness  being  here  used  in  the  sense 
of  affording  relatively  great  resistance  to  weathering.  This  increase 
in  hardness  may  characterize  the  rock  itself,  or  may  be  due  simply 
to  a  softening  of  the  upper  layers  through  weathering.  There  must 
be  few  inherently  harder  layers  in  the  rock,  since,  if  these  existed, 
whenever  they  came  uppermost  the  portions  below  would  tend  to 
suffer  excavation  so  as  to  form  the  pinnacles  and  pillars  character- 
izing bad  land  topography.  At  a  few  points  in  the  Ciudad  de 
Rocas  there  may  be  noted  a  tendency  to  the  production  of  such 
forms.  A  combination  of  convex  and  concave  forms  is  also  quite  fre- 
quent. Generally,  however,  convex  forms  predominate.  On  the 
whole,  the  Ciudad  de  Rocas  affords  an  illustration  of  the  weathering 
of  a  relatively  homogeneous,  rather  highly  resistant  rock,  little  jointed, 
and  largely  free  from  the  influence  of  talus  or  detritus  of  any  sort. 

Regarding  the  extent  of  the  area  over  which  the  erosion  forms 
are  to  be  seen,  the  writer  could  learn  nothing  definite.  The  ranch  man- 
ager, Mr.  Rich,  was  inclined  to  think  from  such  observations  as  he  had 
made  that  the  area  was  a  considerably  elongated  one  in  outline,  and 
that  in  the  direction  of  its  greatest  length,  a  north  and  south  direc- 
tion, it  probably  extended  several  miles.  He  had  never  explored 
the  area  to  its  limits,  however,  and  knew  no  one  who  had. 

The  rock  of  the  area,  so  far  as  observed  by  the  writer,  was  gen- 
erally homogeneous  in  character  throughout.  In  color,  as  seen  from 
a  distance,  it  was  gray.  In  a  hand  specimen,  a  general  reddish  cast 
is  prominent,  the  color  being  a  pale,  dull  red  flecked  with  white, 
and  showing  violet  seams.  An  indistinct,  irregular  lamination  is 
visible,  produced  by  alternate  layers  of  red  and  violet,  averaging 
about  one  millimeter  in  thickness.  (See  Fig.  3.)  Occasionally  the 
violet-colored  seams  are  much  wider,  reaching  one  centimeter  in 
the  thickness,  and  probably  more  at  times.  The  arrangement  of 
the  red  and  violet  layers  is  not  parallel  except  in  a  general  way,  nor 
is  their  width  uniform.  On  the  contrarv.  thev  branch  and  run  into 
each  other.  f3esides  differing  in  color,  the  red  and  violet  layers  are 
unlike  in  hardness  and  texture.  The  red  layers  are  compact,  and 
have  almost  the  hardness  of  quartz,  while  the  violet  layers  are  more 
or  less  pumiceous  and  friable  in  character.  Cavities  a  centimeter 
or  more  in  length  and  two  or  three  millimeters  wide  are  visible  through 
them,  and  the  general  texture  is  quite  open.  Doubtless  the  abun- 
dance of  these  layers  through  the  rock  has  aided  materially  in  its  dis- 
integration. The  white  flecks,  previously  mentioned  as  scattered 
through  the  rock,  are  porphyritically  developed  feldspar  cr}'stals. 
They  are  square  to  rectangular  in  outline,  and  in  size  range  from  two 
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square  millimeters  down.  They  are  thickly  scattered  through  tiotfarl 
ihe  red  and  violet  layers,  but  are  rather  more  abundant  in  the  former,  i 
Magnetite  is  also  present  in  minute  grains,  rarely  visible  in  the  I 
mass  of  the  rock  with  the  naked  eye,  but  readily  separating  with  af 
magnet  when  the  rock  is  powdered.  In  thin  section  the  feldspars, 
with  occasional  grains  of  magnetite,  form  the  only  individualized  | 
minerals.  The  feldspars  show  polysynthetic  twinning,  often  with  un-' 
dulatory   extinction.     They   are   generally   undecomposed   and   free  1 


from  inclusions.  The  alternate  arrangement  of  compact  and  pum- 
iceous  streaks  seen  with  the  nak^d  eye  appears  in  greater  detail 
when  observed  under  the  micro.'^cope.  Bands  appearing  wholly 
conipact  niegascopically,  are  seen  microscopically  to  be  penetrated 
with  narrow,  elongated,  pumiceous  streaks.  The  compact  bands  are 
heavilv  impregnated  with  an  opaque  red  pigment,  which  is  doubt- 
less oxide  of  iron,  that  renders  them  nearly  opaque,  even  in  thinnest 
section.  The  pumiceous  streaks  are  composed  of  great  quan- 
tities of  lath-shaped  microlites,  generally  arranged  in  a  confused 
fashion,  though  sometimes  exhibiting  a  partly  radial  arrangement. 
There  is  also  much  curving  and  twisting  of  glass  fibers  and  micro- 
lites, especially   about   the  phenocry.sts.     The    characters  described 
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by  Iddings  as  belonging  to  a  collapsed  pumice,*  are  many  of  them 
seen  here  in  great  perfection,  and  the  structures  correspond  closely 
with  those  shown  in  the  photomicrographs  Fig.  3,  Plate  L.,  and  Figs. 
I  and  2,  Plate  LI.  of  the  same  work. 

An  analysis  of  a  hand  specimen  of  the  rock  collected  by  the  writer 
was  made  by  Mr.  H.  W.  Nichols,  of  the  Department  of  Geology  of 
the  Museum.     The  results  were  as  follows: 

Analysis  of  Rhyolitc,  Lassenose,  Ciudad  dc    Rocas,  Mus.  No.  Li  1829. 

Si  O, 66.77 

AljOa 17-40 

FcA 2.87 

Fe  0 0.33 

Mg  0 1 .05 

Ca  0 1.49 

NajO 5.81 

KjO 2.13 

HjO 1. 14 

C  Go None 

Ti  O^ Trace 

PoOg None 

Mn  0 0.12 

SO, 0.87 

Pb  O Trace 


Sp.  Gr.  =  2.417  9998 

Calculation  of  the  mineral  composition  of  this  rock  from  the 
analysis  according  to  the  methods  recommended  by  the  authors 
of  the  quantitative  classification,!  would  give,  if  the  writer  has  cor- 
rectly interpreted  them,  the  composition  shown  in  the  first  column 
below.  But  to  the  present  writer  it  would  seem  more  reasonable  to 
interpret  the  excess  of  alumina  as  representing  kaolinite  resulting 
from  the  decomposition  of  the  feldspars  than  to  consider  it  corundum. 
Since  the  other  components  of  kaolinite,  viz.,  silica  and  water,  occur 
in  the  rock  in  quantity  sufficient  to  combine  with  the  alumina,  as- 
sumption of  the  presence  of  kaolinite  seems  justifiable.  Accord- 
ingly, the  second  column  shows  the  composition  of  the  rock  if  the 
presence  of  kaolinite  is  assumed,  the  further  assumption  being  made 
that  it  is  fonned  by  the  alteration  of  the  plagioclases,  since,  as  is 
well  known,  these  break  down  before  the  orthoclase.  If  kaolinite 
be  present,  however,  it  represents  original  feldspars,  and  a  simple 
calculation  serves  to  determine  the  original  quantity  of  these  in  the 
unaltered  rock.  The  result  of  this  calculation  is  given  in  the  third 
column  below,  and  more  nearly  represents,  in  the  view  of  the  writer, 
the  mineral  composition  of  the  rock  than  that  of  the  first  column. 

♦Monograph  U.  S.  Geol.  Survey,  Vol.  XXXII.,  Pt.  11..  pp.  404-406. 

tQuantitative  Classification   of   Igneous   Rocks,  Cross,   Iddings,  Pirsson, 
and  Washington,  1903,  pp.  187-209. 
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L  From  the  composition  given  in  the  first  column,  the  classificaM 

I  tion  would  be  Class  r,  Persalane,  Order  4,  Brittanare,  Rang  3,  Dom<9 

I  alkalic.  and  Subrang  4,  Dosodic,  Lassenose.  I 

I  The  composition  as  given  in  the  third  column  would  change  tbd 

I  position  of  the  rock  in  classification  slightly,  putting  it  in  Order  jj 

Canadare,  and  making  it  Laurvikose.  fl 

About  two  hours  from  the  Ciudad  de  Rocas,  at  one  point  on  tliH 
trail,  a  considerable  quantity  of  black  obsidian  in  the  form  of  scatfl 
tered  fragments  was  seen.     The  fragments  were  observed  over  an  areM 
several  rods  in  extent,  but  no  outcrop  of  the  rock  in  place  was  visiUd 
L  in  the  immediate  vicinity.     The  fragments  ranged  in  size  from  piecefl 

as  large  as  one's  fist  downward.  They  were  generally  more  or  les^ 
rounded,  but  showed  no  evidence  of  artificial  flaking.  As  the  number 
of  known  occurrences  of  obsidian  in  Mexico  is  very  few,  this  one  is 
of  interest  to  add  to  the  list,  and  it  is  also  of  importance  as  illustrat- 
ing the  igneous  nature  of  the  rocks  which  cap  the  surface  of  the 
plateau. 

A  few  hours  west  of  the  Ciudad  ranch  the  way  began  to  descend, 
and  soon  the  western  edge  of  the  plateau  was  reached,  where  the 
mountains  of  the  Pacific  slope  came  into  full  view.  As  far  as  the 
eye  could  sweep,  north,  south,  and  west,  a  maze  of  peaks  and  val- 
leys apjieared.  forming  a  veritable  sea  of  mountains.  (Plates  LXI., 
LXII.,  and  LXIII.)  The  sunnnits  of  these  did  not  appear  to  be  el- 
evated above  the  plateau,  but  to  reach  approximately  to  its  level.  They 
evidently  originated  from  a  profound  dissection  of  the  edge  of  the 
plateau  by  swift,  short  rivers,  since  they  tend  to  run  in  ridges  trans- 
verse to  it';  Iwirder.  The  ])eaks  in  form  are  sharp  and  angular,  and 
thev  are  separated  bv  dec|).  steep-walled  vallevs.  Bold  cliffs  are  com- 
mon, and  the  waste  slopes  are  steep  and  largelv  barren  of  vegetation. 
The  valleys  nearest  the  plateau  often  have  a  well-marked  amphitheatre- 
like fonn,  as  illustrated  by  the  one  shown  in  Plate  LX.,  and  a  general 
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branching  structure  characterizes  their  arrangement.  The  strata 
exposed  in  the  mountain  peaks  lie,  for  the  most  part,  in  a  relatively 
horizontal  position,  although  broad  synclines  and  anticlines  are,  at 
times,  well  marked.  A  distinct  bedding  is  observable  in  the  structure 
of  many  of  the  peaks.  These  beds  are  often  of  great  thickness  (200 
to  500  feet),  and  usually  lie  conformably  upon  one  another,  although 
evidences  of  a  quaquaversal  structure  are  sometimes  seen.  Extensive 
faults  were  observed  in  one  or  two  instances,  but  no  opportunity  was 
afforded  to  studv  them  in  detail. 

Of  the  exact  nature  of  the  rocks  little  can  be  said,  as  they  were, 
for  the  most  part,  only  seen  from  a  distance.  While  the  structure 
outlines  of  many  of  the  peaks  strongly  suggest  sedimentary  rocks, 
eruptive  rocks  probably  prevail.  Ordonez,  in  his  map  of  the  rhyolites 
of  Mexico,*  represents  this  part  of  Mexico  as  characterized  almost 
entirely  by  rhyolites.  Upon  what  observations  his  conclusions  are 
based,  however,  he  does  not  state. 

In  going  from  the  summit  to  the  base  of  the  peaks  and  vice  versa, 
all  gradations  of  temperature  were  experienced,  from  cold  temper- 
ate to  tropical.  At  the  Ciudad  ranch  a  snowstorm  raged,  while 
at  Vent  anas  orange-trees  were  in  bloom.  Another  change  indicating 
differences  of  temperature  was  one  in  the  color  of  the  soil,  which 
on  the  higher  levels  was  yellow,  and  on  the  lower  red.  The  west- 
ern slope  immediately  along  the  edge  of  the  plateau  bore  abundant 
vegetation,  which  at  the  lower  levels  was  of  a  rank,  semitropical 
character,  with  many  brilliant  flowering  plants.  Bird  and  insect 
life  was  extremely  abundant  as  well.  Passing  westward,  however, 
the  character  and  amount  of  vegetation  showed  a  rapid  change  to 
semi-arid  conditions.  Cacti  and  a  few  low  shrubs  succeeded  the 
rank  growths  of  the  western  slope  and  bird  and  insect  life  became 
scanty  as  well.  These  conditions  prevail,  the  writer  was  informed, 
quite  to  the  coast,  so  that  it  is  evident  that  rainfall  over  the 
mountainous  tract  is  slight.  By  means  of  irrigation,  however, 
tropical  fruits  can  be  easily  raised  in  the  valleys,  one  "rancho" 
of  this  sort  being  conducted  near  Ventanas.  Lemons  grow  wild 
about  Ventanas,  and  many  of  the  cacti  bear  fruits  which  are  used 
for  food. 

It  is  probable  that  the  aridity  of  this  area  is  caused  by  the 
warmth  of  the  land  being  such  as  to  prevent  cooling  of  the  winds 
from  the  Pacific  to  a  sufficient  degree  to  produce  precipitation  until 
they  have  reached  the  summit  of  the  plateau.  From  this  point  to 
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a  considerable  distance  eastward,  a  comparatively  abundant  rainfi 
takes  place.  The  case  seems  somewhat  analogous  to  one  cited 
Dana  from  Oalm,*  where  chilling  of  the  moisture -laden  winds  is  . 
complished  by  a  cliff  so  steep  that  precipitation  does  not  take  pli 
until  the  winds  have  passed  beyond  the  summit,  and  the  rainfall 
cordingly  takes  place  almost  wholly  upon  the  leeward  slope. 

Ventanas  is  a  small  mining-camp  of  about  sis  hundred  inhi 
itants.  The  name  Ventanas,  meaning  "the  windows,"  refers  to  V 
large  rounded  orifices  to  be  seen  piercing  a  mountain  wall  sorne  di( 
tance  south  of  the  town.  By  this  name  the  town  is  commonly  known, 
although  its  official  designation  is  Villa  Corona.  It  is  situated  by 
the  side  of  the  Rio  del  Presidio,  sometimes  known  as  the  Mazatlan, 
a  swift,  wide  stream,  fordable  in  the  dry  season  but  in  the  rainy 
season  rising  to  such  a  height  that  supphes  must  be  drawn  across 
upon  a  wire  cable  stretched  for  the  purpose.  The  elevation  is  aljout 
a.ooo  feet  above  the  sea  level,  and  the  situation  about  equidistant 
between  Durango  and  Mazatlan. 

The  principal  mines  in  the  vicinity  have  been  operated  for 
number  of  years  by  the  Ventanas  Mining  and  Milling  Comp; 
an  American  corporation.  The  ores  are  chiefly  antimonial  sulphKi 
rets  of  silver,  stephanite  being  the  most  abundant  and  characti 
istic  silver- bearing  mineral.  Only  ores  of  high  grade  are  mined, 
it  being  impossible  under  such  disadvantages  of  transportation  to 
work  Iqw-grade  ores  at  a  profit.  Some  of  the  richest  ores  are  stated 
to  carry  a  value  as  high  as  500  ounces  silver,  and  10  ounces  gold  to 
the  ton.  The  most  important  mines  are  situated  at  a  level  of  about 
3.500  feet.  Workings  near  the  summit  of  the  peaks,  although  often 
promising  good  returns,  have  not  proved  remunerative.  This  ac- 
cords with  Weed's  observation,!  that  the  profitable  mines  are  in  the 
underlying  andesitic  rocks.  At  La  Concepcion  mine  the  ore  occurs 
in  a  well-defined  vein  8  to  10  feet  wide.  The  gangue  is  a  tough, 
hard,  white  quartz,  in  which  stephanite  and  a  considerable  amount 
of  chalcopyrite  and  pyrite  are  distributed.  The  rock  adjoining 
the  vein  is  of  a  highlv  siliceous  character,  resembling  a  quartzite. 
Dotted  throughout  it.  however,  occur  fiecks  of  other  metamor- 
phosed minerals,  indicating  that  the  rock  is  in  reality  an  andesite 
highlv  impregnated  with  silica.  The  mining  is  done  by  hand  and 
the  ore  packed  on  burros  to  the  mill  located  in  the  village.  The 
river  here   furnishes  both   power  and   water  for  leaching  the  ores. 
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The  extraction  of  the  silver  was  accomplished  at  the  time  of  the 
writer's  visit,  by  the  lixiviation  process  as.  follows:  The  ore  was 
crushed  in  a  Blake  crusher,  then  mixed  with  from  3  per  cent  to  6 
per  cent  of  common  salt  and  ground  through  Cornish  rolls.  It  was 
then  roasted  in  a  revolving  cylinder.  After  roasting,  the  base  metals 
were  leached  out  with  water,  and  hyposulphite  of  soda  added  to 
dissolve  the  silver.  To  this  was  added,  in  order  to  precipitate  the 
silver,  a  solution  of  calcium  sulphide,  made  by  burning  together 
quicklime  and  flowers  of  sulphur.  This  precipitated  the  silver  in 
the  form  of  a  black  sulphide,  which  was  drawn  off,  again  roasted, 
and  finally  fused  in  the  melting-pot  and  run  into  bars,  in  which 
form  it  was  carried  by  pack-trains  to  Durango. 

As  previously  stated,  the  region  traversed  is  practically  un- 
inhabited. Climatically  it  is  not  inhospitable,  but  topographically 
it  opposes  tremendous  barriers  to  traffic.  How  great  these  bar- 
riers are  throughout  the  extent  of  the  Western  Sierra  Madre  may 
be  judged  from  the  fact  that  of  seven  railway  lines  in  Mexico,  with 
western  terminals  north  of  the  Isthmus  of  Tehuantepec,  not 
one  has  yet  reached  the  west  coast.  These  barriers  would  not  of 
themselves  probably  be  so  great  as  to  absolutely  prevent  the  con- 
struction of  railway  lines  or  other  roads  if  the  small  size  of  the  area 
to  be  made  available  and  the  lack  of  good  harbors  on  the  coast  did 
not  considerably  limit  the  inducements  to  such  enterprises.  On  ac- 
count of  the  lack  of  good  harbors  and  productive  soil  on  the  coast 
however,  the  resources  to  be  depended  upon  for  developing  the  coun- 
try must  be  almost  wholly  those  of  the  interior.  These  resources 
include  mineral  wealth,  of  which  there  is  undoubtedly  much  yet 
unknown,  the  timber  resources  afforded  by  the  great  forested  areas, 
and  the  extensive  areas  which  could  be  utilized  for  grazing.  Whether, 
under  the  conditions,  these  resources  can  be  developed  with  profit 
remains  to  be  seen. 

As  regards  population  the  region  seems  to  have  lacked  in  an- 
cient times  as  well  as  now.  While  other  parts  of  Mexico  not  now  in- 
habited afford  evidences  of  former  habitation  bv  man,  this  is  not 
the  case  with  this  region,  according  to  Lumholtz,*  who  searched 
unsuccessfully  for  any  traces  of  a  former  population.  In  the  valleys 
to  the  north  and  south  of  the  region,  however,  he  found  occasional 
villages  inhabited  by  remnants  of  the  northern  Aztecs,  intermingled 
with  Tepehuanes  and  Coras.  These  Indians,  especially  the  Tepehuanes, 
he  describes  as  having  remarkable  powers  of  endurance. 

*Op.  til.,  p.  451. 
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The  C«rro  Mercado.  or  Iron  Mountain,  is  a  hill  largely  made 
of  soliii  iron  ore.  It  is  situated  three-i:)Qarters  of  a  mile  northeast  of 
the  City  of  Duranigo.  In  form  it  is  elongated,  with  a  roughly  tri- 
angular outline,  the  base  of  the  trian^e  lying  towards  the  west.  Its 
general  trend  is  nearly  east  and  west,  or  more  exactly,  as  gi%"en  by 
Witherbec.*  N,  fif  E.  The  hill  rises  abruptly  above  the  allu\-ial 
plain  upon  which  the'  City  of  Durango  is  situated,  to  an  average 
height  of  about  300  feet,  with  single  peaks  50  to  100  feet  higher. 
The  length  of  the  hill  is  about  one  and  one-third  miles,  and  its 
average  width  about  one-third  of  a  mile.  At  about  the  middle  of  its 
e.ilent  in  an  east  and  west  direction,  an  inset  of  eruptive  rook  cuts 
it  practically  in  two,  although  the  iron  ore  mav  be  in  contact  below. 

The  black  color  of  the  iron  oxide,  of  which  the  hill  is  composed, 
is  in  striking  contrast  to  the  yellow  and  green  of  the  surrounding 
plain.  The  hill  is  almost  l/are  of  vegetation,  except  for  straggling 
cacti,  and  its  outline  is  Iwld  and  rugged.  Steep  cliffs  ten  to  twenty 
feet  high,  and  even  higher,  are  not  infrequent,  and  in  places  exhibit 
a  distinct  columnar  structure  like  that  of  basalt.  Such  cliffs  are  com- 
posed wholly  of  ore.  They  I«ar  no  vegetation.  From  these  pro- 
Ling  masses  of  iron  ore.  tatus  slopes  lead,  as  a  rule,  down  to  the 
ieve!  of  the  plain.  These  slopes  are  generally  rather  steep.  The 
talus  consists  largelv  of  fragments  of  the  ore  intermingled  with  soil 
and  fragments  of  other  rocks.  .Vmong  the  ore  fragments  occur 
some  described  bv  Witherbeet  as  being  rounded  and  nodular,  and 
imbedded  in  stiff,  clayey  matrix.  Such  have  probably  been  water 
worn.  In  a  later  articlej  this  author  states  that  the  nodular  ore 
extends  to  the  east  for  over  a  mile,  and  to  the  south  it  was  found 
three  and  one-half  miles  distant  at  a  depth  of  60  feet  when  digging 
for  water,  .Xt  this  point  it  was  embedded  in  a  gravelly  clay.  There 
can  be  little  doubt  that  these  fragments  have  been  distributed  by 
the  same  fluviatile  agencies  which  deposited  the  gravel. 

The  iron  oxide,  which  forms  the  great  mass  of  the  mountain, 
has  often  been  described  as  consisting  chieflv  of  magnetite.  This 
is  the  afHnnation  ol  Weidneri;  and  ClimstschofT.     although  the  re- 
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ported  analyses  of  the  ore  by  the  latter  show  no  Fe  O,  an  omission 
which  has  been  remarked  by  Cohen.* 

Rangel,  however,  states  that  true  magnetite  does  not  exist 
upon  the  mountain,  except  as  its  presence  is  indicated  in  small  quan- 
tity by  a  feeble  magnetism  exhibited  by  some  specimens. f 

The  present  writer  failed  to  find  any  typical  magnetite  on  the 
mountain,  although,  a  black  powder  occurring  on  the  northern  side 
proved  to  be  slightly  magnetic.  Moreover,  in  carrying  a  compass 
needle  over  the  mountain  no  deflection  was  noticed  at  any  point. 

Witherbee  states,  however,  that  recent  surveys  show  needle 
variations  of  from  one  to  ten  degrees.  J  Regarding  the  occurrence  of 
magnetite  he  states  in  the  same  article,  that  while  he  once  "went 
on  record  to  the  effect  that  'there  was  not  a  cart-load  of  magnetite 
on  the  mountain,'"  he  is  now  of  the  opinion  that  there  may  be  some 
magnetite  there.  This  opinion  is  based  on  the  needle  variations 
above  mentioned,  and  by  magnetic  grains  found  among  the  anthills. 
Further,  of  numerous  samples  ground  up  for  analyses,  while  some 
were  non -magnetic,  others  could  be  separated  into  a  magnetic  and 
non-magnetic  part.  Moreover,  lodestone  has  been  found  at  a  locality 
west  of  "the  cross." 

It  seems  evident,  from  the  above  considerations,  that  on  the 
whole  the  ore  of  the  Cerro  Mercado  may  be  regarded  as  chiefly  hema- 
tite, although  in  many  cases  doubtless,  a  mechanical  mixture  of 
magnetite    occurs. 

This  hematite  varies  considerably  in  physical  characters,  being 
now  hard  and  now  soft,  now  black  and  now  red,  now  specular  and 
now  earthy.  Of  these  varieties,  the  hard,  solid,  black  ore  is  the 
most  abundant  and  forms  the  chief  mass  of  the  mountain.  It  is 
this  which  forms  the  prominent  cliffs  and  columns  and  projecting 
spurs.  It  is  essentially  solid  and  continuous,  although  narrow 
open  spaces  frequently  penetrate  it,  usually  lined  with  octahedral 
crystals  of  martite.  The  hardness  and  toughness  of  this  ore  are 
such  as  to  make  the  task  of  mining  and  crushing  it  a  difficult  one. 
It  is  very  severe,  Witherbee  states,  on  the  hard  parts  of  crushers, 
and  will  cut  into  the  face  of  the  hardest  steel  hammers.  In  fact, 
this  toughness  has  been  a  serious  obstacle  hitherto  to  the  use  of 
the  ore,  and  has  resulted  in  the  utilization  chiefly,  up  to  the  present 
time,  of  the  soft  red  variety  found  at  the  base  of  the  mountain. 

Many  analyses  of  the  ore  have  been  made  and  are  quoted  by 
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writers  upon  the  subject.  Of  these  it  will  be  sufficient  to  repeat  those  J 
quoted  by  Witherbee*  from  analyses  contained  in  the  report  o£.J 
Robert  W.  Hunt,  dated  March  28,  1901. 
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1.  Mass  in  place  on  N.  boundarj'.  3.  The  "ca 
of  propLTty,  4,  Boulders  in  place  on  Ridgely  peak. 
em  face  of  properly.     7.   Stock -pile  at  furnace. 

The  amount  of  ore  in  sight  above  the  level  of  the  plain  is  Stated  J 
by  Witherbee  to  be  at  a  conservative  estimate  360,000,000  tonSw-f 
Explorations  which  have  been  made  in  depth  have  found  no  limitV 
in  this  direction. 

The  hill  has  long  been  celebrated,  its  existence  having  firs 
been  reported  in  1552  A.  D.  In  that  year  a  Spanish  captain.  Gines  ' 
Vasquez  del  Mercado  by  name,  having  set  out  from  Guadalajara 
to  search  for  mines  of  gold  and  silver,  was  led  to  the  hill  by  reports 
of  its  being  a  mountain  of  gold.  On  finding  it  iron  instead,  the  name 
of  Mercado  was  applied  to  it  somewhat  derisively  by  his  soldiers. 

In  later  years  a  report  seems  to  have  been  quite  widely  cir- 
culated that  the  mass  was  a  huge  meteoric,  and  it  is  not  uncommon 
to  hear  this  stated  at  the  present  day.  Weidner  states  that  Hum- 
boldt thought  it  was  a  meteorite,  but  as  Burkart  shows,  Humboldt 
does  not  say  this.t  Humboldt  says  of  the  Cerro  del  Mercado  sim- 
ply that  it  "contains  an  enormous  mass  of  brown  magnetite  or 
micaceous  iron, "J  although  he  seems  not  to  have  visited  it.  In 
another  place  he  refers  to  a  meteorite  found  in  the  outskirts  of  Dur- 
ango,  which  Weidner  confuses  with  the  Cerro  Mercado.  More  gen- 
eral and  persistent  than  the  belief  in  the  meteoric  character  of  ihe 
hill  seems  to  have  been  one  that  it  would  prove  rich  in  gold  or  sil- 
ver, and  many  jiits  have  been  dug  and  many  attempts  made  at  va- 
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rious  times  to  extract  these  metals  from  the  mountain.  Birkinbine 
mentions  one  shaft  70  feet  deep  made  through  soHd  ore  on  the  north 
side  of  the  mountain,  with  drifts  extending  from  its  bottom,*  which 
was  probably  sunk  with  the  hope  of  finding  precious  metals.  In 
the  iron  ore  of  the  Murca  ranch,  a  deposit  of  similar  origin  to  the 
Cerro  Mercado  and  connected  with  it,  Witherbee  reportsf  that  as 
much  as  9  ounces  of  silver  and  0.5  ounces  of  gold  have  been  found. 

The  first  serious  attempt  to  use  the  deposit  as  a  source  of  iron 
seems  to  have  been  made  in  1828,  when  an  English  company  under 
patronage  of  the  Governor  of  Durango,  established  some  works 
on  the  bank  of  the  Rio  Tunal,  five  miles  south  of  Durango,  on  a  site 
known  as  Piedras  Azules.  Motive  power  was  secured  by  a  dam 
across  the  river,  and  a  blast  furnace  was  erected.  First  attempts 
to  obtain  iron  from  the  ore  were  however  unsatisfactory,  and  the 
project  was  soon  abandoned.  In  1834  a  new  company  took  the 
matter  up  and  by  constructing  a  blast  furnace  of  different  type,  suc- 
ceeded in  obtaining  a  product  of  5,000  to  8,000  pounds  of  iron  a  week. 
With  some  intermissions  a  small  output  of  iron  from  these  works 
has  been  maintained  ever  since.  About  1882  a  larger  plant,  shown 
in  Plate  LXIX.,  was  erected  close  to  the  western  end  of  the  mountain. 
Successful  operations  were  not  conducted  here  until  1888,  and  only 
within  the  last  five  years  has  a  steady  production  been  maintained. 
A  full  description  of  the  plant  and  of  the  iron  produced  is  given  by 
W^itherbee.J  The  fuel  used  is  charcoal,  or  charcoal  and  coke,  the 
charcoal  being  made  largely  from  the  mesquite.  For  flux,  limestone, 
obtained  about  twentv-five  miles  distant  on  the  line  of  the  Mexican 
International  Railroad  is  used.  The  iron  produced  is  said  to  have 
exceptionally  good  chilling  qualities  and  to  be  very  strong. 

Besides  the  use  of  the  ore  as  a  source  of  iron,  it  has  been  found 
valuable  as  a  flux  for  the  smelting  of  lead,  and  is  employed  extensively 
for  this  purpose  in  various  smelters  in  Mexico.  Such  a  use  of  the 
ore  began  with  the  advent  of  the  railroad  to  Durango  in  1893,  and 
since  that  time  more  than  400,000  tons  have  been  so  employed. 

Several  well-defined  mineral  species  occur  upon  the  Cerro  Mercado 
and  have  been  more  or  less  described. 

Chrustschoff'§  reports  the  following:  magnetite,  hematite, 
quartz  as  rock  crystal  and  amethyst,  chalcedony,  opal,  phenacite, 
pycnite,  fluorite,  and  garnet.     The  magnetite  is  described  as  occur- 
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ring  in  the  form  of  octahedrons,  or  of  octahedrons  modified  by  the 
cube  and  trapezohedron.  The  hematite  is  described  as  showing 
striations  which  indicate  rhombohedrons.  The  phenacite  is  described 
as  occurring  in  crystals,  in  part  imbedded  in  a  quartz  porphyry 
and  in  part  loose  in  clay.  The  crystals  are  said  to  be  generally  dull, 
and  whitish  on  the  surface,  but  clear  and  wine-yellow  in  coior  within. 
An  analysis  of  the  phenacite  is  given,  but  some  peculiarities  of  this, 
as  pointed  out  by  Cohen,*  throw  doubt  not  only  on  the  analysis, 
but  also  on  the  report  of  the  occurrence.  The  pycnite  is  stated  to 
occur  in  stalk-hke  aggregations  lacking  determinate  crystal  form, 
and  yellowish  brown  in  color.  The  fluorite  is  described  as  occurring 
in  very  beautiful  crystals  of  green  and  blue  colors,  having  generally 
the  cubical  form,  at  times  modified  by  the  tetrahexahedron  and 
hex  octahedron.  The  garnet  is  described  as  occurring  in  small  trans- 
parent crystals  of  rose  color.  No  mention  of  the  occurrence  of  martite 
or  apatite  is  made  by  this  writer. 

Martite  from  the  mountain  was  described  by  Silliman.t  Dan*! 
mentions  this  martite,  also  phenacite, J  apatite. g  topaz,  magnetite, 
cassiterite.  and  durangite, ;  references  to  authorities  for  the  latterj 
occurrences  not  being  given. 

Range!  reports  in  addition  to  hematite — of  which  he  notes  solid, 
specular,  micaceous,  and  ochreous  varieties — martite,  qaertz,  apatitfiij 
lopaK.  and  a  phosphate  of  iron  occurring  in  "the  form  of  a  yellowish 
powder."" 

The  topaz,  or  pycnite  ("pricnita"),  is  described  by  Rangel  as  be- 
ingin  the  form  of  small,  symmetrical  rhombic  prisms,  presenting  various 
prismatic  faces,  and  at  one  extremity  combinations  of  pyramids  and 
domes,  while  the  other  is  terminated  bv  the  base.  The  color  of  the 
crystals  is  described  as  hyaline  white,  rose,  or  pale  yellow. 

The  apatite  is  described  as  occurring  in  simple  crystals,  either 
alone  or  in  company  with  oxide  of  iron;  likewise  as  in  veinlets  or 
masses  in  which  well-formed  crystals  of  large  size  occur.  The  best 
crystals  are  said  to  occur  at  the  point  called  "Cueva  de  los  biriles" 
(Cave  of  the  beryls?}.  The  color  of  the  crystals  is  described  as  honey- 
yellow  to  greenish  yellow,  and  their  length  as  nine  or  ten  centi- 
meters.    The  crystals  are  said  to  present  a  multitude  of  prismatic 
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facets,  terminated  by  an  irregular  pyramid  of  six  faces,  of  which 
two  or  three  are  often  imperfect  or  wanting.  These  crystals  are 
said  to  be  often  confounded  in  Durango  with  topaz. 

Of  the  above,  only  martite,  quartz,  chalcedony,  and  opal  were 
collected  or  observed  by  the  writer.  Apatite,  however,  was  collected 
on  the  mountain  by  S.  E.  Meek  of  the  Museum  in  1903,  and  an  ex- 


cellent suite  of  these  crystals  now  forms  a  part  of  the  Museum  col- 
lections. 

The  martite  collected  by  the  writer  (Mus.  No.  M  5497)  was  in 
the  form  of  simple  crystals  attached  to  masses  of  the  solid  ore.  The 
appearance  of  a  typical  specimen -is  shown  in  Fig,  4.  The  specimens 
were  all  obtained  from  the  west  side  of  the  mountain,  where  the 
crystals  occurred  in  groups,  generally  lining  cavities.  The  crystal  form 
was  invariably  that  of  unmodified  octahedrons.  In  size  the  crystals 
varied  from  those  measuring  only  a  millimeter  on  a  side  to  some 
measuring  twenty  to  twenty -five  millimeters.  Their  color  was 
iron-black,  with  occasional  coatings  of  brown  iron  oxide.  None 
of  the  crystals  nor  their  powder  was  attracted  by  the  magnet,  the 
behavior  of  the  powder  in  this  respect  differing  from  that  examined 
by  Silliman.     The  color  of  the  streak  and  powder  was  the  familiar 
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cherry*red  of  hemalile.  Like  the  ore  to  which  the  crj'stals  are  at-' 
tached,  and  from  which  they  probably  do  not  differ  essentially  in 
composition,  the  crystals  are  hard  and  tough,  the  hardness  being  6.5. 
To  the  naked  eye  the  crystals  appear  of  ordinary  homogeneity  and 
purity,  but  on  polishing  a  surface  and  examining  it  with  a  moderate 
magnifying  power,  the  homogeneous  character  disappears.  A  con- 
siderable number  of  inclusions  is  seen,  indicating  that  the  crystal  is 
not  of  uniform  composition.  The  inclusions  are  in  the  form  of  red- 
dish patches,  usually  with  straight  outlines,  and  often  triangular  or 
elongated  in  shape,  or  they  appear  as  spots  of  tuberose,  irregular 
character  elevated  above  the  surface.  These  inclusions  probably  in- 
dicate different  stages  in  the  process  of  alteration  of  the  mineral,  but 
just  what  is  not  known.  An  analysis  of  some  of  the  crystals  was 
made  by  Mr.  H.  W.  Nichols,  those  selected  for  the  purpose  being  such 
appeared  homogeneous.     The  analysis  gave  the  following  results : 
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N'o  lime,  copper,  manganese,  or  phosphorus  were  found,  although 
looked  for.  The  analysis  shows  that  inclusions  of  other  minerals 
occur  in  the  martite,  chiefly,  however,  compounds  by  alteration. 
Exactly  what  minerals  the  different  compounds  may  represent  it  is 
impossible  to  say,  but  the  following  may  be  suggested  as  a  reasonable 
constitution  for  the  martite  crystals: 
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the  martite  cr>'stals  to  prove  that  they  were  derived  from  pyrite 
and  Chrustschoff  remarks  an  entire  absence  of  pyrite.  Yet,  der- 
ivation of  the  martite  from  magnetite  seems  equally  unverified, 
since  crystals  of  magnetite  from  the  mountain  have  not  yet  been 
positively  identified,  and  the  martite  contains  only  a  trifling  quantity 
of  Fe  O.  The  octahedral  form  shown  by  the  martite  crystals  is 
to  be  sure  more  common  to  magnetite  than  to  pyrite,  but  it  is  not 
uncommon    to    pyrite. 

It  seems  uncertain  as  yet,  therefore,  whether  the  martite  origi- 
nated from  pyrite  or  magnetite,  or  whether  indeed  it  may  be  a  dimor- 
phous form  of  hematite.  Still,  the  weight  of  evidence  seems  to  be 
in  favor  of  its  origin   from  magnetite. 

The  apatite  cr\'stals  collected  by  S.  E.  Meek  (Mus.  No.  M  7668) 


Fig,  5.     Apatite.     Cerro  Mercado. 


were  obtained  on  the  northern  side  of  the  mountain  at  a  single  locality, 
where  they  occur  loose  iu  a  sandy  soil  either  free  or  implanted  upon 
or  imbedded  in  pieces  of  quartz.  The  pieces  of  quartz  also  lie 
loose  in  the  soil  and  are  evidently  derived  from  the  breaking  down  of 
some  older  and  larger  mass.  The  quartz  is  usually  chalcedonic  in 
character,  but  in  some  specimens  shows  slender  crystals  a  few  milli- 
meters in  length.  The  apatite  crystals  are  prismatic  in  habit,  and 
range  from  2cm.  in  length  down.  They  are  transparent  except  where 
coated  with  iron-oxide  or  silica.  Their  color  is  that  of  the  true 
asparagus  stone,  viz.,  pale  greenish  to  honey-yellow.  On  heating  a 
crystal  or  fragment,  it  at  first  turns  darker  yellow  in  color, 
but  at  a  higher  temperature  all  color  gradually  disappears,  and  is 
not  regained  on  cooling.  The  dominant  planes  on  the  crystals,  and 
those  constantly  present,  are  the  prism  of  the  first  order,  m  (1010), 
and  the  unit  pyramid  ,r  (101 1).  Of  these  the  prismatic  planes  are 
usually  flat  and  bright,  but  the  pyramidal  planes  present  a  cracked 
and  often  irregular  surface.  This  cracked  appearance  is  found  on 
examination  to  be  due  to  a  cleaving  or  parting  parallel  to  the  pyrami- 
dal surface,  broken  in  turn  by  other  cleavages  at  right  angles.     The 
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latter  often  give  a  striated  appearance  to  the  surface  of  the  planes, 
the  direction  of  the  strife  being  that  of  the  intersection  of  two  planes 
of  the  pyramid  of  the  second  order.  In  other  cr\'stals  the  pyramidal 
planes  present  a  concave  or  otherwise  irregular  surface.  The  pyra- 
midal planes  are  rarely  present  in  full  number,  only  two  or  three 
occurring  commonly.  The  usual  habit  of  the  crystals  is  shown  in 
Fig.  5.  No  doubly  terminated  crystals  were  found.  As  a  modifying 
form,  the  prism  of  the  second  order  a  (tmo)  is  common,  occurring 
with  planes  sometimes  narrower  and  sometimes  as  broad  as  those 
of  the  fundamental  prism.  The  planes  usually  have  a  luster  and 
surface  like  those  of  the  first  order  prism.  The  only  other  modifying 
form  found  was  a  plane  of  the  4-4/3  pyramid  n  (31 11}  found  on  a 
single  crystal.  The  symbol  of  this  plane  was  determined  by  its 
position  and  the  following  measurements : 

Measured.  Calculated. 

m  :  «   (lolo  :  3:!,) 22-  ^t  ^i^-  30 

Numerous  attempts  were  made  to  secure  an  accurate  meas- 
surement  oi  tn  :  x  (ioto  ion),  but  owing  to  the  imperfect  surface 
of  the  latter  planes  success  was  obtained  in  only  a  single  case.  This 
afforded,  however,  a  very  accurate  measurement,  and  gave  the  value 
49°  43'.  This  would  correspond  to  a  value  for  c  :  .v  (0001  :  101 1) 
of  40"  17'.  The  Cerro  Mercado  apatite  has  therefore  a  large  axial 
angle.  Ordinarily,  as  pointed  out  by  Palache,*  apatites  with  large 
axial  angle  are  free  from  chlorine,  A  qualitative  test  of  the  Cerro 
Mercado  apatite,  however,  made  by  dissolving  it  in  nitric  acid 
and  adding  silver  nitrate,  gave  a  precipitate  of  silver  chloride  suf- 
ficient to  indicate  the  presence  of  an  appreciable  quantity  of  chlorine. 
The  specific  gravity  of  the  apatite  obtained  with  a  chemical  balance 
on  the  pure  crystals  gave  the  value  3.222.  The  fracture  of  the 
crystals  is  highly  conchoidal. 

Of  the  rocks  associated  with  the  iron  ore  of  the  Cerro  Mercado. 
detailed  description  has  been  given  hitherto  by  only  two  authors, 
ChruBtschofft  and  Ordonez,*  Chrustschoff  describes  several  vari- 
eties of  quartz  porphyry  and  quartz  por]>hyry  breccias  occurring 
mostly  on  the  eastern,  northern,  and  higher  portions  of  the  hill. 
One  of  the  quartz  porphyries  is  said  to  contain  phenacite  in  suffi- 
cient quantity  to  form  practically  an  essential  constituent.  No 
such  rock  was  noted  by  the  present  writer,  and  so  remarkable  an 
occurrence  needs  confinnation.  Other  rocks  described  by  Chrust- 
schoff are  a  hornblende-bearing  granite  stated  to  occur  on  the  west- 
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em  part  of  the  hill,  a  black  basalt,  an  obsidian  and  a  diabase  forming 
a  hill  to  the  north.  The  exact  localities  of  these  rocks  are  not  given. 
By  Ordonez,  the  rocks  of  the  Cerro  Mercado  are  described,  aside 
from  the  tuffs,  under  the  general  term  of  rhyolites.  Their  color  is 
said  to  vary  from  gray  to  red  and  violet.  The  ground  mass  is  de- 
scribed as  being  hard  and  compact,  and  often  more  or  less  devitrified. 
At  times  phenocrysts  are  said  to  be  lacking,  giving  the  rock  a  more  or 
less  felsitic  appearance,  and  again  to  be  so  abundant  as  to  produce 
porphyries.  The  phenocrysts  are  described  as  quartz  and  feldspar 
with  some  crystals  of  the  latter  reaching  a  length  of  one  centimeter. 
Plates  of  tridymite  are  noted  lining  small  cavities.  The  feldspar  is 
stated  to  be  partly  sanidine  and  partly  oligoclase.  Witherbee  gives 
two  analyses  of  "the  country  rock,  'cantera,'  or  rhyolite,"  and  two  of 
"white  clay,"  from  the  mountain.*  The  analyses  are  incomplete, 
however,  and  are  obviously  intended  to  be  merely  suggestive.  More- 
over, no  exact  statement  is  made  as  to  the  localities  from  which  they 
were  obtained. 

While  no  detailed  study  of  the  associated  rocks  of  the  Cerro 
Mercado  was  possible  to  the  writer  upon  the  ground,  owing  to 
lack  of  time,  hand  specimens  were  collected  at  several  different  points, 
of  which  it  has  been  possible  to  make  careful  study  in  the  labora- 
tory. These  rocks  include  four  breccias,  collected  at  different  points 
along  the  northern  side  of  the  mountain,  and  two  porphyries,  ob- 
tained on  the  southern  side.  The  localities  where  they  were  collected 
are  shown  upon  the  contour  map,  Plate  LXVI.  These  specimens 
probably  represent  pretty  fairly  the  important  varieties  occurring 
upon  the  mountain  and  in  its  vicinity.  The  breccias,  or  tuffs,  such 
as  were  collected,  characterize  the  whole  northern  side  of  the  moun- 
tain, and  extend  eastward  for  fully  half  a  mile.  They  vary  con- 
stantly in  color  and  compactness,  their  general  color  being  red,  but 
at  times  violet  and  gray  occur.  These  differences  doubtless  mark 
variations  in  the  degree  of  oxidation  of  the  iron,  for  if  a  portion  of 
a  red  fragment  be  heated  in  the  reducing  flame  its  color  becomes 
violet  or  gray.  At  one  point  in  the  area,  evidently  as  the  result  of 
leaching,  the  rock  is  chalk-white  in  color.  Other  evidences  that  the 
area  has  been  considerably  permeated  by  circulating  water  are  seen 
in  seams  and  patches  of  chalcedony,  or  milky  quartz,  which  appear 
in  numerous  places.  This  chalcedony  is  generally  pale  in  color,  and 
translucent. 

Of  the  above  breccias,  that  collected  farthest  west  (Mus.  No. 
E    8184),  E,  Plate   LXVI.,   is  dull   brick-red  in   color  with  lighter 
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spots.  Although  appearing  of  a  fairly  uniform  color  and  texture! 
when  seen  in  the  rough,  a  polished  surface  makes  evident  that  it  I 
is  of  fragmental  origin.  The  fragments  have  angular  or  slightly  J 
rounded  outlines,  and  average  a  few  square  millimeters  in  diameter.  I 
They  vary  in  texture,  some  being  line-grained  and  compact,  others-  I 
scoriaceous.  The  border  of  each  fragment  is  usually  marked  by  I 
a  deeper  red  line.  Some  of  the  fragments  show  that  the  rock  from  1 
which  they  were  broken  had  a  distinct  flow  structure.  Irregular  ' 
grains  of  transparent  quartz  are  scattered  through  the  whole  mass 
of  the  rock,  seeming,  in  some  eases,  to  be  a  primary'  constituent  of  1 
the  larger  fragments,  and  in  others  to  be  constituent  grains.  As  they  I 
lack  any  distinct  crystal  outline,  however,  they  are  probably  all  frag-  J 
mental.  A  quantitative  determination  by  Mr.  H.  W.  Nichols  of  I 
the  amount  of  silica  in  this  rock  gave  Si  Oj  =  72.56  per  cent.  I 

In  the  area  covered  by  this  breccia  a  rock,  already  mentioned  \ 
as  being  of  a  chalk-hke  appearance,  forms  an  extensive  bed.     The    1 
hand  specimen  of  this   (Mus.   No.    E   8186)  is  chalk-white  in  color   | 
and  friable  so  as  to  soil  the  fingers  when  handled.     It  can  be  easily  A 
crushed  in  a  mortar,  and  is  used   locally  to  make  fire-brick.     It  is   J 
harsh  to  the  feel,  porous,  and  of  low  specific  gravity.     Before  the   ] 
blowpipe  it  is  infusible.     It  is  also  anhydrous,  giving  ofl  no  water  J 
upon  heating  in  a  matrass.     A  chemical  examination  by  Mr.  H.  W.  d 
Nichols  showed  the  composition  to  be  nearlv  pure  silica,  an  approx- 
imate quantitative  determination  giving  Si  Oj  —  98  per  cent.     The 
lock    is   apparently    a   leached  tuff,   the   leaching   having  removed 
nearly  all  other  ingredients  except  the  silica.   Indications  of  a  former 
fragmental  structure  are  afforded  by  small  angular  cavities  in  the 
rock  partly  filled  by  pumiceous  remains.     A  peculiar  feature  noted 
during  the  chemical  examination  of  the  rock  was  that  a  heavy  white 
fume  was  given  off  when  fragments  were  heated  in  a  closed  tube. 
On  breaking  open  the  tube  this  fume  disappeared  and  a  pungent 
odor,   resembling   that   of   SO3,  was   obtained.     The  fumes  tend  to 
form  a  ring  within  the  tube,  and  when  they  are  driven  into  the  water 
the  water  becomes  acid. 

The  hand  specimen  (Mus.  No.  E  8185),  taken  east  of  this  from 
about  the  middle  of  the  northern  side  of  the  mountain.  F.  Plate  LXVI., 
is  likewise  a  breccia,  or  coarse  tuff,  differing  from  that  occurring 
west  in  being  more  plainly  fragmental  in  character  and  in  having 
a  lavender  color.  The  appearance  of  a  polished  surface  is  shown 
in  Plate  I,XX.,  Fig.  i.  In  spite  of  its  clastic  origin,  and  although 
numerous  irregular  pores  about  the  size  of  a  pinhead  are  scattered 
through  it.  it  is  tough  and  fairly  compact.  The  different  fragments 
of  which  the  rock  is  composed  vary  in  size  and  color  and  shape. 


FIELD  COLUMBIAN   M 


Kiiyi.lilK  bn-fcia.  Mufi.  Nn.  F.  arSj. 
Rhyoliu-  hri-tciii,  Mus.  N».  K  H183. 


May,  1904.         Geology  of  Western  Mexico — Farringtox.       221 

Their  outlines  are  angular  and  their  shapes  polygonal  to  pyramidal. 
Some  are  scoriaceous  and  some  compact.  The  variations  in  color  are 
from  light  to  dark  lavender  and  brown.  As  in  the  rock  previously 
described,  minute  grains  of  quartz  with  irregular  outlines  are  scat- 
tered through  the  mass. 

A  fourth  hand  specimen  (Mus.  No.  E  8183)  illustrates  the  pre- 
vailing rock  at  the  eastern  end  of  the  mountain.  It  was  collected 
at  the  point  marked  C  in  Plate  LXVI.  The  appearance  of  a  polished 
surface  is  shown  in  Plate  LXX..  Fig.  2.  This  is  also  a  breccia,  and 
is  of  coarser  texture  than  any  of  those  previously  mentioned.  It 
has  a  general  brick-red  color,  but  many  of  the  included  fragments 
are  lavender  or  white.  These  differences  of  color  mark  the  fragments 
of  which  the  rock  is  composed.  The  fragments  are  irregular  in  shape 
and  have  angular  outlines,  there  being  no  visible  signs  of  attrition 
previous  to  consolidation.  In  size  they  range  from  an  inch  (2.5  cm.) 
square  to  minute  particles.  They  also  vary  considerably  in  texture, 
some,  usually  the  larger  ones,  being  scoriaceous,  while  others  are  fine- 
grained and  compact.  The  scoriaceous  portions  are  somewhat  fri- 
able, and  are  the  first  portions  to  weather  out.  When  this  takes 
place  cavities  are  left.  Throughout  all  portions  of  the  rock,  as  in 
the  specimen  previously  described,  are  scattered  irregular  grains  of 
transparent  quartz.  * 

Under  the  microscope  the  three  breccias  above  described  pre- 
sent nearly  the  same  appearance.  The  ground  mass  is  a  de vitrified 
glass  var\'ing  in  coarseness  of  grain,  the  variations  usually  appear- 
ing in  ramifying  areas.  There  are  few  phenocrysts  to  be  seen.  Those 
visible  are  usually  quartz,  but  occasionally  feldspar.  They  lack,  as 
a  rule,  regular  outlines,  and  seem  to  have  little  or  no  genetic  rela- 
tion to  their  surroundings.  Some  of  the  quartz  grains,  however, 
have  hexagonal  outlines,  and  some  of  the  feldspars  are  lath-shaped. 
In  portions  exhibiting  flow  structure  the  lines  of  flow  often  bend 
around  a  phenocryst,  showing  a  unity  of  origin  of  the  two.  Sphe- 
rulites.  or  fragments  of  them,  occur  occasionally,  especially  in  por- 
tions of  the  rock  exhibiting  flow  structure. 

It  will  be  seen  from  the  above  descriptions  that  the  rock  along 
the  northern  side  of  the  mountain  is  fragmental  in  character,  and 
that  it  increases  in  coarseness  toward  the  east.  In  origin  it  may  be 
of  the  nature  of  a  flow  breccia,  and  of  the  same  age  as  the  other 
rhyolites  of  the  mountain. 

The  rocks  upon  the  southern  side  of  the  mountain  show  none 
of  the  clastic  character  of  those  on  the  northern  side.  On  the  con- 
trary, they  are  homogeneous  and  of  primary  origin.  Two  specimens 
were  collected  to  illustrate  these,  one  at  the  point  marked  H  upon 
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the  contour  map.  Plate  LXVL,  the  other  farther  to  the  south. 
the  point  marked  I.  The  latter  CMus.  No.  E  8192)  is  of  a  light 
gray  color,  and  has  the  typical  rough  feel  of  trachyte.  As  it 
carries  an  abundance  of  quartz,  however,  it  is  rather  to  be  considered 
a  rhyolite.  The  gray  color  as  seen  megascopically  belongs  to  the 
ground  massi  for  the  phenocrysts  are  practically  colorless.  These 
phenocrysts  are  quartz  and  feldspar  in  about  equal  proportion.  The 
quartz  individuals  have  irregular  outline  with  a  hardness  of  7  and 
show  no  cleavage,  while  the  feldspar  is  in  lath-shaped  forms  with 
shining  cleavage  surfaces.  A  pleasing  feature  of  the  feldspar  indi- 
viduals is  a  pearly  opalescent  reflection  like  that  of  moonstone,  which 
they  exhibit,  especially  when  wet.  In  size  both  quartz  and  feldspar 
individuals  reach  a  length  of  about  :  mm.  and  average  perhaps 
I  mm.  in  length.  In  texture  the  rock  is  somewhat  open,  small 
pores  and  cavities  being  not  infrequent.  Porosity  is  further  shown 
by  the  fact  that  when  a  piece  of  the  rock  is  immersed  in  water,  bubbles 
continue  to  rise  for  a  long  time.  Under  the  microscope  the  ground 
mass  shows  the  characters  of  a  devitrified  glass.  It  has  a  micro- 
granular  structure  as  a  whole  and  exhibits  no  elongated  microHtes, 
Opaque,  brownish,  amorphous  particles  presenting  no  farther  discrete 
characters,  cause  a  considerable  clouding  throughout  the  ground  mass. 
■As  phenocrysts  occur  abundant  large  quartz  and  feldspar  individ-  I 
uals,  but  femic  minerals  seem  to  he  lacking  except  for  occasional  grains 
of  magnetite.  These  latter  lack  regular  outline,  and  show  more  or 
less  alteration  to  limonite.  The  outlines  of  the  quartz  grains  are, 
as  a  rule,  irregular,  but  angular  rather  than  curved.  Their  substance 
is  fresh,  and  shows  few  inclusions.  The  feldspar  is  largely  in  the 
form  of  lath-shaped  individuals.  It  is  likewise  fresh  and  without 
inclusions  or  zonal  structure.  Twinning,  after  either  the  Carlsbad 
or  albite  law,  is  almost  nowhere  observable.  The  feldspars  are,  as 
a  rule,  fresh,  simple  individuals  of  sanidin. 

An  analysis  of  the  rock  hy  Mr.  H.  \V.  Nichols  gave  the  follow- 
ing results : 
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From  this  the  norm  calculated  in  the  three  ways  mentioned  on 
page  205  is  as  follows: 

Composition 
Quantitative     as  aflfected  by  ka(v      Composition  of 
composition,      linite  and  limonite.      unaltered  rock 

Quartz 31.68  31.20  30.30 

Orthoclase 31.69  31-69  31-69 

Albite 29.34  29.34  31-27 

Anorthitc 1.39  i .  39  i .  47 

Kaolinite i  -  03  •  •  •  • 

Corundum 41  ....  .... 

Hypersthenc i  .62  i  .62         •  i  .62 

Magnetite 23  .23  .23 

Hematite i  .46  ....  i  .46 

Limonite    1.71  .... 

Water 1.69  i .  30  1.30 

99-51  99-51  99-34 

In  either  case  the  rock  belongs  to  Class  i,  Persalane,  Order  4, 
Brittanare,  Rang  i,  Peralkalic  and  Subrang  3,  Sodipotassic,  Liparose. 
The  composition,  as  above  expressed,  agrees  well  with  that  seen 
under  the  microscope,  except  in  the  quantity  of  albite,  little  of  which 
can  be  definitely  distinguished.  In  fact,  it  would  seem  to  be  doubtful 
whether  the  method  of  calculation  advised  by  the  authors  of  the 
quantitative  classification  by  which  all  soda  is  assigned  to  albite  is 
likely  to  give  a  correct  result,  since  it  seems  to  ignore  the  fact  that 
nearly  all  orthoclase  contains  soda,  often  in  considerable  quantity. 

The  hand  specimen  collected  to  illustrate  the  rock  nearer  the 
mountain  (Mus.  No.  E  8182),  has  a  general  chocolate-brown  color 
and  compact  texture.  Colorless  transparent  phenocrysts  are  scat- 
tered through  it  abundantly.  These  are  generally  lath-shaped,  and 
show  shining  cleavage  surfaces.  Their  average  length  is  2  mm. 
and  their  width  i  mm.  Their  hardness  is  6,  which  property, 
together  with  their  cleavage,  marks  them  as  sanidin.  Occasionally 
similar  individuals  occur  of  larger  size  and  less  regular  in  shape,  one 
of  which  noted  has  a  diameter  of  5  mm.  The  feldspars  are  the 
only  minerals  readily  recognizable  with  the  naked  eye.  Quartz  is 
practically  absent,  so  that  the  rock  in  this  respect  differs  noticeably 
from  that  just  described.  A  narrow  vein  of  quartz  scarcely  a  milli- 
meter in  width,  in  one  place  slightly  open  and  lined  with  drusy  quartz, 
ramifies  through  the  specimen.  Such  a  vein  is  obviously  of  sec- 
ondary origin.  Under  the  microscope  the  ground  mass  appears  in 
general  glassy  in  character,  in  places  partially  devitrified,  so  as  to 
give  a  minutely  granular  appearance  in  polarized  light.  It  is  heavily 
impregnated  with  a  reddish,  opaque  to  translucent  dust,  the  par- 
ticles of  which  lack  definite  form.  This  dust  is  probably  included 
iron  oxide  in  the  form  of  hematite,  and  to  it  the  chocolate-brown 
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color  of  the  rock,  as  seen  megascopically.  is  due.  That  the  rock  is 
impregnated  by  hematite  is  further  shown  by  the  fact  that  when  a 
fragment  is  heated  it  turns  black  and  becomes  magnetic.  Slender 
veins  of  the  same  hematitic  character  run  here  and  there  through  the 
mass.  This  impregnation  by  hematite  is  confined  to  the  ground  mass, 
the  feldspars  being  largely  free  from  inclusions.  Angular  outlines  char- 
acterize the  feldspars.  Cleavage  lines  are  not  prominent,  and  the 
crystals  do  not  exhibit  zonal  structure.  They  are  generally  fresh 
and  free  from  inclusions.  As  connpared  with  the  rock  previously 
described,  plagioclase  is  more  abundant.  Many  individuals  show 
polysynthetic  twinning,  and  there  are  numerous  intergrowths  of 
sanidin  and  plagioclase.  The  only  femic  mineral  of  importance  vis- 
ible in  thin  section  is  hypersthene.  which  occurs  in  the  fonn  of  coarse 
grains  of  a  yellowish  brown  color.  It  is  usually  closely  associated 
with  the  feldspars,  and  often  is  included  l>y  them.  The  grains  lack 
crystal  outline,  and  seem  to  have  been  absorbed  to  some  extent. 
They  have  high  index  of  refraction  and  little  or  no  pleochroism. 

An  analysis  of  the  rock,  by  Mr.  H.  W.  Nichols,  gave  the  follow- 
ing results: 

Analysis  of   Rhyolite,  Dcllpnose,  Ccrro  Mcrcado. 
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From  this  the  norm  calculated  in  the  three  ways  described  on 
page  205,  is  as  follows: 

Composition  as 
Quantitative        affected  by  kao-     Composition  of 
composition,      linite  and  limonite.  unaltered  rock. 

8uartz 28.26  24 .  80  21.67 

rthoclase 40.03  40.03  40.03 

Albitc* 11.00  11.00  17-7^ 

Anorthitc 723  7-23  1 1 .  70 

Corundum 2  .  96  ....  .... 

Kaolinite 7-46  .... 

Hypersthcne 3. 02  3.02  3.02 

Hematite 4.59  3.17  4.59 

Limonite 1 .  66  .... 

Apatite 0.31  0.31  .0.31 

Water 1.28  ....  

Stibnite 0.19  0.19  0.19 

Other  oxides o .  54  o .  54  0.54 

99.41     •  9941  9983 

In  either  case  the  rock  belongs  to  Class  i,  Persalane,  Order  4, 
Brittanare,  Rang  2,  Domalkalic,  and  Subrang  2,  Dopotassic,  Dellenose. 

As  compared  with  the  rock  described  just  preceding  this  differs 
chiefly  in  beihg  more  highly  feldspathic,  less  acidic,  and  in  contain- 
ing more  potash  and  ferric  oxide.  Its  content  of  an  appreciable 
quantity  of  antimony,  lead,  copper,  zinc,  and  cobalt  is  also  a  remark- 
able feature.  Whether  the  presence  of  these  indicates  an  impreg- 
nation of  the  rock  subsequent  to  its  eruption,  by  waters  containing 
these  metals  in  solution,  or  whether  they  were  original  constituents 
of  the  magma,  it  seems  impossible  to  say. 

The  age  of  the  rocks  to  which  the  series  of  the  Cerro  Mercado 
belongs  has  been  stated  by  Ordonez  to  be  late  Tertiary,*  and  this  opin- 
ion is  generally  concurred*  in,  since  there  is  no  doubt  that  the  main 
elevation  of  the  Mexican  Cordilleras  took  place  in  Eocene  time,  and 
that  the  eruption  of  the  rhyolites  about  Durango  was  subsequent 
to  this. 

Being  formed,  therefore,  in  so  late  a  period  in  geological  history, 
the  Cerro  Mercado  is  unique  as  compared  with  other  extensive  iron 
deposits,  such  as  those  of  Sweden  and  the  Lake  Superior  region  in 
North  America.  These,  as  is  well  known,  are  considered  pre-Cam- 
brian  in  age.  De  Launay  has  called  attention  to  this  latter  fact.f 
as  indicating  that  these  deposits  owe  their  origin  to  conditions  prevail- 
ing in  the  earlier  stages  of  the  earth's  history,  when  the  crust  was 
relatively  thin.  He  concludes  that  the  processes  of  their  forma- 
tion must  have  been  deep-seated  in  character,  because    the  products 

*Bol.  Inst.  Cieol.  do  Mexico.  Num.  14.  p.  65.  ci  scq. 
tAnnalc's  dcs  Mines.  lomeser.      Tome  IV.      p.  50. 
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have  been  broughj,  to  light  only  after  long  ages  of  erosion.  If  the 
Cerro  Mercado,  however,  owes  its  origin  to  similar  processes,  it  is 
evident  that  these  are  capable  of  operating  in  the  later  periods  of 
the  earth's  history  as  well  as  the  earUer. 

The  association  at  the  Cerro  Mercado  of  a  large  amount  of  iron 
oxide  with  relatively  acid  rocks  is  another  unusual  feature,  since  for  the 
most  part  other  iron- deposits  of  probable  igneous  origin,  such  as  those 
of  the  Urals  and  of  Sweden,  have  basic  rocks  in  association.  The  most 
important  exception  to  this  rule  seems  to  be  the  deposit  of  Kirun- 
avara,  Sweden,  in  connection  with  which  De  Launay  notes  acid  por- 
phyries (quartz  keratophyres),  as  occurring  in  considerable  quan- 
tity.* 

The  question  of  the  origin  of  the  Cerro  Mercado  is  not  one  which 
has  been  heretofore  extensiv^y  discussed.  Weidner  considered  it 
■  to  represent  the  product  of  a  volcanic  eruption,!  while  Burkart 
regarded  it  as  intrusive. J  Weidner's  view  of  the  volcanic  origin 
was  based  chiefly  on  the  tuffs  found  in  the  vicinity  and  the  absence 
of  evidences  of  contact  mctamorphism.  ChrustschoffS  considered 
the  process  eruptive  and  that  the  stratigraphy  showed  that  the  iron 
oxide  at  two  points  broke  through  the  porphyry  and  spread  out  over 
the  latter.  On  account  of  certain  peculiarities  in  the  appearance 
of  some  of  the  ore  lumps,  however,  he  was  of  the  opinion  that  the 
outpoured  mass  was,  at  the  time  of  its  eruption,  in  a  "hot-fluid, 
waterv"  condition,  Ordonez  believed  that  the  iron  oxide  was  of  a 
later  origin  than  the  surrounding  rocks  and  filled  a  fissure  formed 
in  them.  The  supposed  steps  of  the  process  are  not  indicated  in 
any  further  detail  by  this  author,  however.  With  the  exception  of 
Ordonez  it  will  be  seen  that  the  general  trend  of  opinion  has  been  in 
favor  of  an  eruptive  origin  for  the  mass.  Among  earlier  writers, 
however,  the  possibilities  of  sedimentary  origin  of  iron  deposits  were 
less  generally  accepted  than  now. 

In  favor  of  an  igneous  origin  for  the  iron  oxide  of  the  Cerro 
Mercado,  the  wholly  igneous  character  of  the  accompanying  rocks, 
the  integrity,  continuity,  and  extent  of  the  iron  oxide,  and  its  un- 
stratified,  columnar  structure,  are  the  factors  which  in  the  view  of  the 
present  writer  weigh  most  strongly. 

If  it  be  of  igneous  origin,  however,  it  is  difficult  to  conceive 
of  the  steps  of  the  process  by  which  it  was  formed.  It  seems 
necessary   to   suppose  that  either,  on   the  one  hand,  it   welled  up 
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from  below  and  dlled  a  fissure,  or  that,  on  the  other  hand,  a  separa- 
tion took  place  into  an  acidic  and  basic  portion  while  the  magma  was 
still  in  a  fused  condition.  If  the  former  action  took  place  one  would 
expect  to  find  evidences  of  contact  metamorphism  such  as  have  not 
yet  been  obser%'ed.  The  latter  supposition  seems  eqtially  untenable, 
however,  owing  to  the  difficulty  of  conceiving  of  the  separation  of 
a  magma  into  proportions  so  acidic  on  the  one  hand  and  so  basic  on 
the  other.  That  masses  of  magnetite  of  considerable  bulk  may  be 
of  eruptive  origin  seems  to  be  generally  conceded,  several  occurrences 
being  usually  so  explained.  In  most  of  these  cases,  however,  the 
accompanying  rocks  are  basic  in  character,  so  that  it  is  not  difficult 
to  conceive  of  the  separation  of  iron  from  such  a  magma.  As  already 
noted,  however,  the  rocks  accompanjnng  the  iron  oxide  at  the  Cerro 
Mercado  are  acidic  in  character. 

At  many  points  on  the  mountain  the  line  of  demarkation  between 
eruptive  rook  and  iron  oxide  is  sharp  and  distinct,  while  at  other 
points  a  gradation  is  traceable.  Thus  Rangel  says,*  '*at  the  base  is 
seen  an  enormous  bank  of  compact  rhyolite ;  a  little  higher  up  appears 
a  deposit  of  fragments  of  rhyolite;  higher  up  yet  the  fragments  of 
rhyolite  are  covered  on  some  of  their  sides  with  ferruginous  material 
cr\'st  alii  zed  in  small  octahedrons  and  mixed  with  pieces  of  the  mineral. 
The  proportion  of  mineral  increases  as  the  height  tmtil  it  constitutes 
exclusively  the  material." 

Witherbee  also  describesf  '* large  lumps  of  what  appears  to  be 
solid  iron  ore,  which,  upon  breaking,  prove  to  be  only  pieces  of  can- 
tera  covere^l  with  a  superficial  coating  of  iron  oxide,  often  highly  cr\'s- 
talline.  and  only  from  0.25  to  0.5  in.  thick,  as  though  the  rock  had 
been  immerse^l  in  molten  iron  oxide."  Moreover,  the  studies  made 
in  the  preceding  pages  show  a  change  in  the  substance  of  the  rock 
itself  in  approaching  the  mountain.  It  becomes  more  basic,  though 
not  highly  so,  and  shows  a  gradual  increase  in  content  of  iron.  Do 
such  phenomena  as  these  represent  primary  or  secondary  changes? 
If  primary,  is  the  iron  oxide  younger  than  the  undoubted  eruptives? 
If  so.  has  it  flowed  over  them,  or  has  the  separation  been  of  a  mag- 
matic  nature?  If  secondary,  can  the  phenomena  be  referred  to  the 
action  of  infiltrating  waters?  Such  are  some  of  the  questions  regard- 
ing the  origin  of  the  mass  of  iron  oxide  which  remain  yet  to  be 
answered.  Metasomatic  processes,  to  which,  for  several  reasons,  the 
origin  of  the  iron  might  be  ascribed,  should,  it  would  seem,  more 
extensively  imj>regnate  the  adjoining  rocks  than  has  been  the  case. 

*Trar,-l;ttion  ),\    Kirby  Thomas,  Mininj^  Wnrkl,  Feb.  12.  IQ04. 
tTrar.s.  A-.  hist    Min.  Kni,' .  V(»l.  XXXII..  p.  156. 
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Again  the  derivation  can  hardly  be  ascribed  to  ferrous  silicates  of  the 
adjoining  rocks  ab  in  the  case  of  the  Lake  Superior  ores,  since  such 
sihcates  seem  to  be  practically  lacking  in  the  associated  rocks  here. 
On  the  whole,  therefore,  the  relation,  either  in  time  or  manner  of  origin, 
between  the  associated  eruptive  rock  and  the  iron  oxide,  and  the 
origin  of  the  iron  oxide  itself,  seem  as  yet  difficult  to  determine  with 
certainty. 
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STRUCTURE    AND  RELATIONSHIPS   OF   OPISTHOCCELIAN 

DINOSAURS. 

PART   II. 

THE  BRACHIOSAURlD>e. 


BY  E.  S.  RIGGS. 


The  genus  Brachiosaurus  was  recently  described*  by  the  writer 
from  the  humerus,  femur,  coracoid,  and  such  parts  of  the  sacrum  and 
vertebral  centra  as  could  be  seen  before  the  specimen  had  been 
removed  from  the  matrix.  During  the  past  winter  the  sacral  and 
presacral  vertebrae,  which  had  been  badly  damaged  by  weathering, 
have  been  reconstructed  with  great  care  and  patience  by  Messrs.  J. 
B.  Abbott  and  C.  T.  Kline.  As  these  parts  have  one  after  another 
been  worked  out,  the  unusual  character  of  this  animal,  which  was 
first  indicated  by  the  extraordinary  proportions  of  the  humerus,  has 
become  more  and  more  evident.  So  different  is  its  structure  from 
that  of  other  members  of  the  Opisthocoelia  that  the  writer  feels 
justified  in  placing  it  in  a  new  family.  The  Brachiosauridae  is,  there- 
fore, proposed  as  a  family  group,  to  include  this  genus  together  with 
the  smaller  and  more  primitive  form  recently  described  by  Hatcher 
under  the  name  Haplocanthosaurus. 

The  family  characters  so  far  observed  are:  Humerus  as  long  as 
femur;  neural  spines  of  vertebrce  simple;  dorsal  vertebrce  mrOre  than  ten. 
Other  characters  equally  distinctive  will  doubtless  develop  as 
these  animals  become  better  known.  The  following  key  will  aid  in 
determining  members  of  this  group: 

Opisthocwlian  dinosaurs  with  fore  leg  longer  than  hind;  vertebral 
spines  simple  throughout;  number  of  dorsal  vertebrce  more  than  ten: 
Family  BrachiosauridcB, 

(a)  Size  medium;  dorsal  vertebras  fourteen;  centra  not  elongate;  tteural 
arch  unusually  elevated,  diapophyses  directed  obliquely  upward  and  out- 
ward,  hypos phene-hypantrum  articulation  moderately  developed:  Genus 
Haplocanthosaurus . 

(6)  Size  large;  neural  arches  not  unusually  elevated ^  spines  increas- 
ing in  length  from  sacrum  to  mid-dorsal  region,  hypos  phene-hypantrum 
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articulation  iiuHsuaUy  developed,  centra  of  dorsal  vertebra  elongates 
Gentts  Brachiosatirus. 

The  type  specimen  of  Brachiosaurus  as  now  prepared  for  esthibi- 
tion.  consists  of  the  sacrum,  seven  presacral  and  two  anterior  caudal 
vertebrae,  the  right  humerus,  coracoid,  ilium,  and  femur,  and  a 
number  of  ribs  more  or  less  complete.  It  was  collected  by  the 
Museum  paleontological  expedition  of  1900  from  the  Grand  River 
valley  of  western  Colorado.  (Pate  LXXI.)  When  found,  the  verte- 
bral column  was  lying  with  spines  downward  and  the  vertebra  were 
but  Httle  displaced  from  their  nonna!  relatipns.  The  ventral  surface 
of  the  sacrum,  the  ilium,  and  the  anterior  caudal  vertebrsc  were  ex- 
posed, and  had  suffered  more  or  less  from  weathering. 

At  the  seventh  presacral  vertebra  the  thin  clay  stratum  in  which 
the  specimen  was  imbedded  "pinched  out."  and  was  replaced  by  a. 
massive  layer  of  sandstone  with  coarse  sand  and  pebbles  at  the  base, 
This,  together  with  the  uniform  displacement  of  the  ribs,  humerus, 
and  coracoid  to  the  left  and  the  presence  of  an  isolated  ilium  of 
Diplodocus,  which  had  the  appearance  of  having  been  drifted  up 
against  the  broken  vertebral  series,  indicated  that  the  anterior  portion 
of  the  skeleton  had  been  carried  away  by  the  invasion  of  a  water- 
current  after  the  specimen  had  been  partially  covered  with  sedi- 
ments. 

The  humerus  and  coracoid  were  displaced  some  ten  feet  to  the 
left,  and  when  found  the  distal  end  of  the  former  was  exposed  at  the 
surface,  broken  and  displaced.  When  the  fragments  had  been  gath- 
ered up  and  fitted  to  the  portion  still  in  the  matrix  the  bone  meas- 
ured almost  seven  feet  in  length.  This  length  so  much  exceeded 
that  of  any  humerus  previously  known,  that  the  writer  at  the  time 
believed  it  to  be  a  crushed  and  distorted  femur.  Had  it  not  been 
for  the  unusual  size  of  the  ribs  found  associated  with  it,  the  specimen 
would  have  been  discarded  as  an  Apatosaur,  too  poorly  preserved  to 
be  of  value. 

The  conclusion  that  the  bone  in  question  was  a  distorted  femur 
was  given  additional  weight  by  the  discovery  soon  after  of  a  well- 
preserved  femur  of  almost  identical  length,  associated  with  the 
ilium  and  sacrum.  But  later,  when  the  two  leg  bones  were  removed 
from  the  matrix  and  carefully  compared  in  the  laboratory,  the  iden- 
tity of  the  humerus  was  at  once  established  by  the  structure  of  the 
head  as  well  as  by  the  clearly  delined  deltoid  area  from  which  the 
deltoid  crest  had  been  broken  away  and  lost.  From  figures  ,1  and  4, 
Plate  LXXIV,  the  characteristic  structure  of  the  opisthocrehan 
humerus  will  at  once  be  recognized. 
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DORSAL  VERTEBR>E. 

The  seven  dorsal  vertebrae  preserved  in  the  specimen  were  found 
in  a  series,  and  but  little  displaced  from  their  relative  positions. 
The  centra  and  transverse  processes  are  considerably  distorted  by 
the  compression  to  which  they  have  been  subjected.  These  distor- 
tions have  been  corrected  in  the  specimen  as  far  as  was  practicable, 
but  no  effort  has  been  made  to  further  correct  them  in  the  drawings. 
(Plate  LXXII.)  The  vertebrae  are  distinguished  by  the  light Jy  con- 
structed and  elongate  centrum  with  its  large  lateral  cavity,  and  by 
the  single  neural  spines,  short  in  the  posterior  members  of  the  series, 
but  becoming  more  and  more  elongate  anteriorly.  Equally  distinctive 
is  the  unusual  development  of  the  hyposphene-hypantrum  articu- 
lation. The  whole  structure  suggests  lightness  and  flexibility 
attained  with  an  evident  sacrifice  of  that  strength  which  is  every- 
where apparent  in  the  unwieldy  Apatosaurus. 

The  number  of  vertebrae  in  the  dorsal  series  cannot,  of  course,  be 
determined  from  this  specimen.  Reasoning  from  certain  similarities 
between  this  genus  and  Haplocanihosaurus,  in  which  the  number  has 
been  determined  as  fourteen,*  we  may  expect  a  more  numerous 
series  than  characterizes  Apatosaurus  and  Diplodocus.  As  this  num- 
ber must  for  the  present  remain  conjectural,  however,  the  vertebrae 
will  be  referred  to  as  presacral  and  numbered  from  the  sacrum 
forward. 

The  first  presacral  vertebra  may  be  distinguished,  as  in  all  opis- 
thocoelians  so  far  as  the  writer  has  observed,  by  the  massive  post- 
zygapophyses  which  overhang  the  posterior  end  of  the  centrum,  by 
the  low  stout  spine  and  the  short  centrum!  with  small  lateral  cavities 
or  pleurantra.  From  this  point  forward,  both  the  centra  and  spines 
rapidly  elongate,  the  diapophyses  become  more  and  more  expanded, 
but,  contrary  to  all  that  might  be  expected,  the  zygapophyses  be- 
come reduced  almost  to  insignificance. 

The  centrum  in  the  dorsal  vertebrae  is  opisthocoelous  in  type,  but 
less  pronouncedly  so  in  the  anterior  members  of  the  series  than  is 
common  in  the  mid-dorsal  region  of  most  forms.  In  the  first  pre- 
sacral the  centrum  is  similar  in  length  to  that  of  Apatosaurus,  but  in 
the  preceding  vertebrae  it  rapidly  increases  in  length.  The  pleuran- 
trum  is  of  moderate  size;  the  anterior  end  of  the  centrum  is  truncate, 
with  a  slight  convexity  above  the  middle:  the  posterior  end,  now 
badly  distorted,  was  doubtless  uniformly  concave.     The  second  cen- 


♦  Memoirs  of  the  Carnegie  Museum,  vol,  2,  No.  i. 

t  In  the  preliminary  description  of  this  genus  the  writer,  estimating  from  the  specimens  still 
le  matrix,  characterized  the  posterior  d(        " 
shows  that  this  is  not  true  of  the  last  dorsal. 


in  the  matrix,  characterized  the  posterior  dorsal  centra  as  longer  than  wide.     Closer  examination 
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trum  takes  on  a  more  typical  opisthoccclous  outline.  From  this 
point  forward  the  centra  increase  slightly  in  length,  the  pleuraccele 
enlarges,  and  the  general  structure  displays  even  greater  lightness. 
—  A  cross-section  shows  an  internal  arrangement  very  similar  to  that  of 
Apatosaitrws  (Brontosaurus)  as  figured  by  Marsh. 

However,  the  lateral  cavities  are  larger,  and  the  peripheral  walls 
thinner  than  have  been  observed  by  the  writer  in  that  genus.  The 
median  septum  is  so  fragile  as  to  be  lost  entirely  in  some  of  the 
vertebrae. 

The  neural  arch  is  unusually  slight  in  this  genus.  Its  posterior 
surface  is  narrow  and  rounded;  anteriorly  it  is  produced  into  two 
laterally  directed  ridges  which  descend  from  the  base  of  the  prezyga- 
pophyses  to  the  anterior  rim  of  the  centrum.  Inclosed  by  these  ridges 
and  by  the  buttresses  supporting  the  prezygapophyses  is  a  deep  fossa, 
into  the  lower  margin  of  which  the  neural  foramen  opens. 

The  transverse  processes  in  presacrals  i  to  ill  and  in  v  are  broken 
and  lost.  In  those  vertebra;  in  which  they  are  preserved,  these 
processes  have  been  too  much  distorted  to  admit  of  their  direction 
being  determined  with  certainty.  In  the  posterior  members  of  the 
series  they  were  evidently  much  reduced.  In  iv  a  single  transverse 
process  is  preserved  which  is  Httle  more  conspicuous  than  the  tuber- 
cular facet.  In  vi  and  vn  these  processes  rapidly  increase  in  length. 
They  arise  from  four  roots  very  much  as  do  those  of  the  posterior 
dorsals  in  Apatosaurus.  They  are  broad  at  the  base  antero-poste- 
riorly,  rugose  on  the  anterior  margin,  and  recurved  at  the  distal  end. 

The  capitular  facets  for  the  rib  attachment  are  borne  high  above 
the  centrum  throughout  the  present  series.  In  presacrals  i  and  11 
there  is  little  evidence  as  to  their  position,  but  in  iii  a  well-devel- 
oped facet  is  preserved.  From  this  point  forward  the  facets  are  borne 
by  the  lateral  surface  of  the  prezygapophyses  as  well  as  the  anterior 
margin  of  the  transverse  process,  and  are  supported  by  a  buttress 
descending  to  the  anterior  margin  of  the  neural  arch.  The  zvga- 
pophvses,  together  with  the  hvposphene-hypantrum  articulation  con- 
stitute one  of  the  distinguishing  features  of  the  vertebrae  of  this  genus. 
Throughout  the  dorsal  series,  so  far  as  known,  the  zygapophyses  are 
narrow  and  placed  close  to  the  median  line.  There  is  no  evidence  of 
dichotomy  in  the  anterior  dorsal  region  as  observed  in  Apatosaurus. 
Camarasaurus.  Morosaurus,  and  Diplodocus,  The  weakness  in  the 
zvgapophvses  is  compensated  by  the  strength  of  the  hvposphene- 
hypantrum  articulation.  The  articular  surfaces  of  the  former  are 
directed  horizontally.  The  mesial  surface  of  the  prezygapophysis 
curves  rapidly  downward  and  is  continuous  with  the  vertical  articular 
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surface  of  the  hyposphene.  Similarly  the  articular  surface  of  the 
postzygapophysis  is  continuous  with  that  of  the  hypantrum.  The 
two  form  a  firmly  interlocking  joint  capable  of  resisting  lateral  strain. 
The  hypantrum  is  also  slightly  expanded  inferiorly  so  as  to  prevent 
a  downward  displacement  of  the  prezygapophyses.- 

The  prezygapophyses  are  supported  by  a  single  pair  of  buttresses, 
which  also  form  the  anterior  margin  of  the  neural  arch,  and  by  the 
anterior  plate  of  the  transverse  process.  The  postzygapophyses  are 
supported  from  above  by  a  pair  of  stout  buttresses  which  descend 
from  the  postero-lateral  margin  of  the  spine;  laterally  they  are  sup- 
ported by  the  posterior  root  of  the  transverse  process  and  inferiorly 
by  a  pair  of  buttresses  arising  from  the  posterior  margin  of  the  neural 
arch  and  attaching  to  the  anterior  surface  of  the  hypantrum.  In  the 
sixth  and  seventh  presacrals  this  support  is  strengthened  by  passing 
to  the  inferior  surface  of  the  hypantrum. 

The  neural  spines  in  this  genus  are  single  and  median  so  far  as 
known,  and  there  is  no  reason  to  doubt  that  they  continue  so  through- 
out the  dorsal  series.  Unlike  those  of  any  other  known  members  of 
the  Opisthocoelia,  the  spines  are  short  in  the  first  presacrals,  and 
become  more  and  more  elongate  as  far  as  the  middle  thoracic  region. 
They  are  made  up  of  the  usual  median  plate  expanded  at  the  crest 
into  a  rugose  knob  and  roughened  on  the  anterior  and  posterior 
margins  for  the  attachment  of  interspinous  ligaments.  They  are 
flanked  at  the  anterior  and  posterior  margins  respectively  by  a  pair 
of  greater  and  lesser  lateral  plates.  The  posterior  plates  arise  from 
the  superior  root  of  the  prezygapophyses,  pass  upward  along  the 
lateral  border  of  the  median  plate  near  the  posterior  margin,  and 
form  a  stout  lateral  support  to  the  crest.  The  anterior  lateral  plates 
arise  similarly  from  the  base  of  the  prezygapophyses  and  strengthen 
the  anterior  border  of  the  median  plate,.  In  presacral  i  the  spine  is 
low,  massive,  and  strongly  reinforced  by  buttresses  arising  from  the 
postzygapophyses.  In  11  it  is  noticeably  higher  and  less  firmly 
braced.  In  iv  and  v  the  base  of  the  spine  becomes  broadened 
anterio-posteriorly  by  the  diverging  roots  of  the  lateral  plates.  A 
lateral  vacuity  appears  between  the  posterior  and  inferior  roots  of 
the  transverse  process  and  the  base  of  the  postero-lateral  spinous 
plate.  In  vi  and  vii  the  spine  becomes  more  elongate  and  some- 
what more  slender. 
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SACRUM. 

The  sacrum  of  Brachiosaurus  is  at  once  distinguished  from  that 
of  the  other  large  opisthoccelian  dinosaurs  by  its  unusual  breadth 
across  the  sacral  ribs  as  compared  with  its  length  and  the  height  of 
its  component  vertebra;.  (Plate  LXXIII.)  The  specimen  under 
consideration  has  been  damaged  somewhat  by  compression,  but  more 
seriously  by  later  exposure  to  weathering  at  the  surface.  As  a 
result,  the  neural  arches  of  sacrals  ii-iv  inclusive  were  too  badly 
damaged  to  be  restored;  and  with  them  the  centra  above  the  lateral 
cavities.  With  these  exceptions  their  structure  can  be  determined 
with  certainty. 

The  sacrum  is  made  up  of  five  ilium-supporting  vertebrie  instead 
of  four,  as  originally  described,*  all  of  which  are  firmly  coossified  by 
their  centra  and  the  distal  ends  of  their  sacral  ribs,  Sacrals  i  to  iv 
are  coalesced  by  their  zygapophyses  and  the  base  of  their  diapoph- 
yses,  and  sacrals  11  and  iii  by  their  spines.  As  in  the  typical 
opisthocoilian  sacrum^  the  ribs  of  sacrals   11,  111,  and  iv  enter  into 
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the  composition  of  the  sacricostal  yoke  and  may  be  regarded  as  com- 
prising the  primary  sacrum.  The  dorso-sacral  is  highly  specialized, 
but  its  support  of  the  acetabulum  is  a  secondary  function.  The 
caudo-sacral  is  functional  as  an  ilium-supporting  vertebra,  though 
its  caudal  affinities  are  still  clearly  marked. 

The  centrum  of  sacral  i  is  somewhat  shorter  than  that  of  the  last 
dorsal,  and  is  irregularly  convex  on  the  anterior  end.  The  pleuran- 
tral  foramina  are  almost  closed  by  the  expanded  sacral  ribs.  The 
centrum  of  sacral  11  is  similar  in  length  to  that  of  i,  but  is  laterally 
expanded  to  meet  the  unusual  development  of  its  sacral  rib.  There 
is  no  evidence  of  a  pleurantrum.  The  centra  of  in  and  iv  are  less 
expanded  laterally,  and  bear  traces  of  the  pleurantral  foramen. 
That  of  V  bears  no  trace  of  the  lateral  cavities.  Its  posterior  end 
may  have  been  convex  above  and  concave  below,  as  is  the  typical 
structure,  although  this  feature  cannot  be  determined  with  cer- 
tainty. 

The  sacral  rib  in  i  is  developed  into  a  broad,  winglike  appendage, 
whose  primary  elements  can  scarcely  be  traced.  It  arises  from  the 
upper  half  of  the  centrum  anterior  to  the  much-reduced  pleurantrum 
and  from  the  lateral  surface  of  the  neural  arch.  The  capitular  por- 
tion passes  backward,  joins  the  rib  of  sacral  11,  and  articulates  with 
the  mesial  surface  of  the  greater  peduncle.  The  tubercular  element 
is  fused  with  the  distal  end  of  the  diapophyses  so  that  it  is  impossible 
to  determine  where  the  one  ends  and  the  other  begins.  It  is  probable, 
however,  that  the  tubercular  portion  of  the  rib  is  represented  by  the 
rugose  end  only.  It  attaches  to  the  crest  of  the  ilium  above  and  in 
front  of  the  base  of  the  greater  peduncle. 

The  second  pair  of  sacral  ribs  are  by  far  the  strongest  of  the 
series.  The  proximal  ends  are  greatly  expanded  and  attach  to  the 
whole  lateral  surface  of  centrum  11  as  well  as  to  the  posterior  half  of 
centrum  1.  The  shaft  is  constricted  at  the  middle,  and  the  distal 
end  is  expanded  to  enter  into  the  composition  of  the  sacricostal 
yoke.  The  third  pair  of  ribs  are  much  reduced  in  size.  They  arise 
from  the  anterior  half  of  centrum  in  in  common  with  the  posterior 
margin  of  the  second  pair.  The  shaft  is  slight,  but  the  distal  end  is 
expanded  to  form  the  middle  section  of  the  yoke.  The  fourth  pair 
arise  from  the  anterior  two-thirds  of  the  centrum.  From  the 
superior  margins  of  ribs  11,  in,  and  iv  broad  plates  arise  to  connect 
with  the  corresponding  diapophyses.  The  fifth  pair  of  sacral  ribs 
arise  from  the  mid-lateral  surface  of  the  centrum,  and  passing  diago- 
nally forward,  unite  with  the  distal  ends  of  the  fourth  pair  in  sup- 
porting the  lesser  peduncle  of  the  ilium.     These  bear  traces  of  the 
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primary  caudal  structure  although  they  are  modified  as  ilium-sap- 
porting  elements. 

The  diapophyses,  like  the  sacral  ribs,  are  remarkable  for  their 
unusual  length  and  slenderoess  The  first  pair  arise  from  the  lateral 
surface  of  the  spine  and  the  stout  prezjgapophyses.  Their  distal 
ends  unite  with  the  sacral  ribs  in  forming  the  great  lateral  plates. 
The  second  and  third  pairs  arise  in  common  from  the  fused  spines  of 
sacrals  ii  and  in,  Distally  they  diverge  to  unite  with  the  iliac  crest. 
The  fourth  pair  arise  independently;  they  are  directed  diago- 
nally backward  and  attach  to  the  border  of  the  ilium  above  the 
lesser  peduncle.  Midway  between  the  base  of  the  diapophyses  and 
the  attachment  with  the  ilium  there  is  a  marked  rugosity  which 
suggests  that  the  diapophysis  may  terminate  at  that  point  and  the 
distal  portion  be  made  up  of  the  tubercular  portion  of  the  rib.  This 
could  be  determined  only  from  the  study  of  a  ver\-  young  specimen. 

The  sacral  spines  are  remarkably  short  and  blunt.  In  structure 
they  are  made  up  of  a  thickened  median  plate  expanded  at  the  crest 
to  form  a  btunt  knob,  and  tianked  in  the  anterior  three  by  a  slight 
pair  of  lateral  spinous  plates.  The  first  is  free,  but  stands  close  to 
the  second.  In  structure  it  resembles  the  posterior  dorsal,  though 
its  lateral  plates  have  almost  disappeared.  The  second  and  third 
-  spines  are  so  firmly  utiited  as  to  show  no  trace  of  the  line  of  foaon. 
Their  lateral  plates  arise  irom  the  niifidle  of  their  respective  surfaces. 
The  fourth  and  fifth  take  on  the  caudal  type  of  structure,  which  con- 
sists of  a  median  plate  expanded  into  a  simple  knob  at  the  crest.  The 
fourth  stands  quite  close  to  the  third:  the  fifth  is  isolated.  All  have 
marked  rugosities  on  the  anterior  and  posterior  margins  for  the  inter- 
spinous  ligaments. 
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CAUDAL  VERTEBR>e. 

Two  anterior  caudal  vertebrae  were  found  in  close  apposition 
with  the  posterior  end  of  the  sacrum.  The  first  has  been  so  dis- 
torted in  a  diagonal  direction  that  the  structure  of  its  centrum  and 
zygapophyses  can  scarcely  be  determined.  The  second  (Figs,  i  and  2, 
Plate  LXXV)  has  suffered  less  from  distortion,  and  is  otherwise 
fairly  well  preserved.  The  centra  are  in  general  amphicoelous.  The 
anterior  end  of  the  first  is  concave  in  its  lower  half,  but  is  so  badly 
distorted  that  it  does  not  show  whether  or  not  it  had  the  character- 
istic convexity  usually  found  in  the  upper  half  of  the  first  centrum. 
The  posterior  end  is  slightly  concave,  a  feature  which  the  crushing 
has  tended  to  lessen.  In  the  second  caudal  the  anterior  end  is 
uniformly  concave,  the  posterior  end  slightly  more  so.  There  is  no 
trace  of  the  lateral  cavities  found  in  almost  all  the  opisthoccelians. 
It  cannot  be  determined  whether  or  not  these  vertebrae  were  chevron- 
bearing. 

The  neural  arches  are  massive,  broad  on  the  anterior  surface,  but 
drawn  to  a  rounded  angle  about  the  posterior  opening  of  the  neural 
foramen.  Laterally  there  are  traces  of  a  slight  ridge  leading  down- 
ward from  the  prezygapophyses  to  the  base  of  the  transverse  process. 

The  zygapophyses  are  slight  for  a  vertebra  of  such  dimensions; 
the  anterior  pair  has  been  pushed  upward  by  compressure.  The 
articular  facets  normally  face  inward  and  slightly  upward.  The 
posterior  pair  in  the  second  caudal  bears  distinct  evidence  of  a 
hyposphene. 

The  neural  spines  are  characteristically  simple.     They  are  laterally 
compressed  at  the  base  and  expanded  at  the  crest  into  a  roughened 
knob.  The  anterior  and  posterior  margins  bear  the  strong  rugosities  for 
interspinous  ligamental  attachments  which  persist  throughout  the  . 
vertebral  series. 

The  caudal  ribs  are  equally  simple.  The  capitular  element  is  rep- 
resented by  a  stout  process  arising  from  the  lateral  surface  of  the 
centrum  above  the  middle.  It  is  vertically  compressed  and  appar- 
ently expanded  into  a  rounded  end.  No  trace  of  the  tubercular 
element  is  to  be  seen. 
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The  ilia  are  represented  by  the  right  bone,  which  has  lost  iU 
greater  peduncle,  but  is  otherwise  quite  well  preserved,  and  a 
weathered  left,  which,  fortunately,  has  the  greater  peduncle  pre- 
served. The  right  bone  has  been  modified  by  a  distortion  which  haa 
depressed  the  whole  posterior  half,  straightened  the  superior  border, 
distorted  the  acetabulum,  and  reduced  the  depth  in  the  supra- 
acetabular  region.  It  is  figured  frxjm  a  lateral  view  without  correc- 
tion, other  than  the  restoration  of  the  greater  peduncle  from  a  com- 
parison with  that  of  the  left.      (Fig.  3,  Plate  LXXV.) 

The  important  feature  of  the  ilium  is  the  unusual  development  of  1 
the  preface  tabular  portion.  The  greater  peduncle  is  near  the  middle: 
the  anterior  half  is  expanded  into  a  broad  but  rather  thin  plate.J 
most  of  which  stands  anterior  to  the  attachment  of  the  first  sacral 
rib.  At  the  point  of  greatest  eminence  the  crest  is  thickened  for  the 
attachment  of  the  first  diapophysis.  The  anterior  border  is  much 
more  rounded  than  it  is  in  any  of  the  other  large  dinosaurs.  At  the 
anterio-inferior  angle  the  border  is  quite  thick  and  roughened  for 
muscular  attachment.  This  roughening  continues  one-third  of  the 
wav  from  the  angle  to  the  point  of  attachment  for  the  first  sacral 
dia])ophysis,  where  it  disappears  and  the  border  becomes  thin  and 
rounded.  The  crest  continues  very  thin  to  a  point  over  the  middle 
of  the  acetabulum,  where  it  again  becomes  stronger  and  rugose. 
This  continues  to  the  posterior  angle,  which  is  much  thickened,  and 
offers  the  usual  broad  surface  for  the  origin  of  lateral  caudal  muscles. 

The  acetabulum  is  distorted  by  the  depression  of  its  arch.  It 
presents  to  the  head  of  the  femur  a  broad  and  rounded  surface,  which 
terminates  at  either  end  in  the  peduncles.  Its  superior  surface  takes 
the  form  of  an  arch  whicli  juts  far  beyond  the  iliac  wall  on  the 
mesial  side,  and  presents  a  concave  surface  for  the  support  of  the 
sacricostal  yoke.  The  attachment  for  the  first  diapophysis  is  a 
triangular  fossa  bounded  by  two  ridges  which  descend  from  the  crest 
and   converge  at  a  point  seven  or  eight  inches  below.      From  this 
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point  a  rounded  ridge  passes  obliquely  downward  and  backward  to 
the  base  of  the  greater  peduncle.  The  points  of  attachment  of  the 
second  and  third  diapophyses  are  very  slight;  no  trace  of  a  fourth 
appears.  The  fifth  has  a  strong  attachment  at  the  thickened  crest 
above  the  lesser  peduncle.  The  plates  connecting  the  diapophyses 
with  the  sacral  ribs  do  not  attach  to  the  iliac  wall  as  in  Apatosaurtis, 

THORACIC  RIBS. 

The  unusual  length  of  the  ribs,  as  well  as  the  breadth  of  the  head 
and  tubercle  and  the  strength  of  the  shaft,  bears  evidence  of  the 
immense  thorax  of  this  animal.  One  of  the  more  slender  ribs  from 
the  mid -thoracic  region  measures  fully  nine  feet  (2.745  m.)  in  length. 
Another  has  a  shaft  eight  inches  (.204  m.)  in  breadth.  The  head 
and  tubercle  are  almost  equally  developed  and  widely  separated  to 
give  the  firm  attachments  rendered  necessary  by  the  great  length  of 
the  ribs.  (Fig.  5,  Plate  LXXV.)  In  some  instances  the  attachment 
is  strengthened  by  a  second  tubercle  on  the  inferior  surface  of  the 
head  similar  to  that  figured  by  Marsh  on  the  cervical  vertebrae  of 
Apatosaurus.  The  anterior  surface  of  the  shaft  below  the  head  is 
perforated  by  a  large  foramen  which  leads  to  an  internal  cavity. 
On  account  of  the  elevation  of  the  capitular  facet  on  the  vertebrae, 
the  head  and  tubercle  are  borne  almost  on  a  level.  By  reason  of 
this  the  flattened  surface  of  the  proximal  end  passes  insensibly  into 
the  lateral  surface  of  the  shaft  without  that  twist  common  to  the 
ribs  in  animals  of  this  group. 

LEG  BONES. 

The  humerus  is  somewhat  crushed  antero-posteriorly  and  twisted 
so  that  the  head  and  distal  end  are  brought  into  the  same  plane. 
The  surface  of  the  distal  end  has  flaked  away  in  the  process  of  weath- 
ering to  a  firm  chalcedony  core.  (Fig.  i.)  In  relative  slendemess  the 
humerus  is  approached  more  nearly  by  that  of  Diplodociis  than  that 
of  any  other  well-known  American  dinosaur.  The  head  is  consider- 
ably expanded,  forming  a  rounded  prominence  especially  conspicuous 
on  the  posterior  surface.  The  great  tuberosity  is  stout  and  rugose; 
its  proximal  surface  meets  the  lateral  margin  of  the  shaft  in  a  pro- 
nounced angle.  This  angle  is  not  produced  posteriorly  to  inclose  a 
fossa  as  in  Morosanriis.  The  inner  border  below  the  head  is  drawn 
out  into  a  rather  thin  margin,  though  roughened  for  muscular  attach- 
ment. The  deltoid  crest  is  partially  broken  away,  but* was  evidently 
quite  prominent.  (Fig.  4,  Plate  LXXIV.)  Its  base  forms  with  the 
anterior  surface  of  the  shaft  a  broad  and  shallow  concavitv.     Mid- 
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way  between  the  deltoid  crest  and 
the  great  tuberosity  is  a  second 
rugose  surface  evidently  for  the  inser- 
tion of  other  shoulder  muscles.  The 
ecte  pi  condylar  ridge  is  entirely  lost, 
owing  to  the  weathering  to  which  the 
distal  end  has  been  subjected.  The 
direction  of  the  bone  fibres  on  the 
lateral  margin  indicates  that  it  may 
liave  been  quite  prominent.  All 
traces  of  rugosity  have  Ukewise  dia- 
appeared  from  the  distal  end. 
dicating  that  the  humerus  was  probt- 
ably  some  inches  longer  than  it  now, 
stands. 

The  coracoid  is  a  larger,  but  less 
massive,  bone  than  that  of  At 
saurus.  (Fig.  4,  Plate  LXXV.) 
is  elongate  an  tero-posteriorly.  rounded 
on  its  inferior  margin,  and  straight 
at  the  scapular  articulation.  The 
glenoid  articular  surface  is  directed 
outward  as  well  as  backward,  a 
feature  observed  in  no  other  o\n^- 
ihocceliati  genus.  The  postero-inferior 
surface  is  thick  and  rugose  for  cpico- 
racoidal  attachment  near  the  glenoid 
cavity,  from  which  it  is  separated  by 
a  narrow  notch  only.  The  posterior 
border  becomes  gradually  thinner,  and 
its  rugose  character  disappears  mid- 
wav  between  the  glenoid  cavity  and 
the  anterior  scapular  angle.  The 
cniargination  noticeable  in  the  speci- 
men at  this  point  is  due  to  crushing 
humerx'iof'Br^htgiaulu^Juiharai.  from  Contact  With  the  head  of  the 
i.naiura  sue.  humerus  while  in  the  matrix. 

The  femur  is  well  preserved,  though  somewhat  compressed  antero- 
posteriorly.  (Figs,  i  and  2,  Plate  LXXIV.)  Regardless  of  its  great 
length,  this  bone  is  almost  as  stout  in  the  shaft  as  that  of  Apato- 
sanrns.  though  the  articular  ends  are  proportionally  less  expanded. 
The  lateral  surface  of  the  shaft  has  a  prominent  convexity  one-fourth 
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of  its  entire  length  below  the  great  trochanter.  A  marked  rugosity, 
probably  for  the  insertion  of  one  of  the  gluteal  muscles,  extends  down- 
ward from  the  great  trochanter  to  this  point.  As  in  all  opisthocoelians 
the  fourth  trochanter  forms  a  rugose  prominence  on  the  posterior 
internal  margin  of  the  shaft  above  the  middle. 

MEASUREMENTS  OF  THE  LEG  BONES.  M. 

Htimerus,  leng^th  of  parallel  to  axis 2 .  04 

Greatest  breadth  of  proximal  end 65 

Thickness  of  head  antero-posteriorly 28 

Least  breadth  of  middle  shaft 24 

Distance  from  angle  of  great  tuberosity  to  upper  margin  of  deltoid 

crest 51 

Femur,  length  parallel  to  axis 2 .  03 

Breadth  of  head  and  great  trochanter 59 

Breadth  of  shaft  at  fourth  trochanter 43 

Breadth  at  distal  end 58 

Distance  from  head  to  upper  margin  of  fourth  trochanter 78 

Coracoid,  greatest  breadth 87 

Inferior  border  to  scalpular  margin 54 

Glenoid  margin  to  foramen 34 

Ilium,  greatest  length 124 

Breadth  of  preacetabular  plate 53 

Base  of  great  peduncle  to  anterior  angle 40 

Length  of  great  peduncle 

Depth  over  acetabulum  (estimated) 45 

Lateral  breadth  of  acetabular  wall 16 

Thickness  of  plate  at  antero-inferior  angle 08 

Thickness  of  crest  above  great  peduncle 025 

Thickness  of  posterior  angle 12 

RELATIONSHIPS. 

In  proposing  the  genus  Brachiosaurus  from  the  characters  pre- 
sented by  the  leg  bones  and  sacral  centra  of  this  specimen,  the  writer 
had  some  doubt  as  to  the  possible  relations  with  the  imperfectly 
described  genus  Camarasaurus.  However,  a  recent  examination, 
through  the  courtesy  of  Dr.  Osbom,  of  the  type  specimen  as  it  is 
being  prepared  for  exhibition  in  the  American  Museum,  at  once  set 
at  rest  all  such  doubts.  The  massive  structure  of  the  vertebrae  and 
the  distinctly  Morosaur-like  spines  of  that  genus  have  nothing  in 
common  with  the  slenderly  constructed  and  elongate  centrum  and 
the  single  median  spines  of  Brachiosaurus.  Relationship  with  the 
tall  and  slender  posterior  dorsal  vertebra  which  constitutes  the  type 
of  Amphiccelias  is  equally  impossible. 

Of  all  the  American  opisthocoelia  the  only  known  form  which 
may  be  regarded  as  closely  related  to  this  genus  is  Haplocaniho- 
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saurus,  recently  described*  by  Hatcher,  These  two  genera  display 
certain  structural  affinities  common  to  no  other  North  American 
group.  The  most  important  of  these  are:  (i)  the  single  median 
spines  which  persist  throughout  the  vertebra!  column  in  the  above- 

*named  genus  and  which  appear  to  have  been  equally  persistent  in 
Brachiosaurus;  (a)  the  unusual  breadth  of  the  sacrum  in  comparison 
with  its  length  and  the  height  of  its  component  vertebrte;  (3)  the 
simple  structure  of  the  anterior  caudal  vertebrie;  (4)  the  great  expan- 
sion of  the  preacetabular  portion  of  the  ilium.  In  addition  to  these, 
are  to  be  considered  the  presence  of  fourteen  dorsal  vertebrs  as 
described  by  Hatcher  in  Haplacanihosaums,  and  the  unusual  length 
of  the  humerus  in  BracMosaurus .  Recent  developments  with  regard 
t(7  the  number  of    vertebree    in    Diplodocus^    and    in    ApalosaurnsX 

■  might  throw  some  doubt  upon  this  point  were  it  not  that  the  genera 
under  consideration  evidently  belong  to  a  distinct  phylogenetic  line, 
and  that  Hatcher  has  made  a  strong  case  in  favor  of  fourteen 
dorsal  vertebrie  in  his  genus.  The  vertebral  formula  in  Brachio- 
saurus  cannot,  of  course,  be  determined  from  the  interrupted  series 
preserved  in  the  type  specimen.  It  is  most  probable  that  the  num- 
ber will  prove  to  be  the  same  as  in  Haplocunthosaurus.  although  the 
elongation  of  the  dorsal  centra  might  suggest  that  a  reduction  had 
:en  place  in  this  form. 
Of  the  two  genera,  it  will  be  observed  that  Ha plocanlhosaunis  is 
much  the  smaller  and  comparatively  primitive,  while  Brachiosaurus 
is  a  long-limbed  and  highly  specialized  type.  Points  of  generic  differ- 
ence are  abundant.  The  first  and  most  evident  of  these  is  one  of 
size,  which  is  well  indicated  by  the  comparative  length  of  femora. 
That  of  Haplocaiithosaurus  measures  about  fifty  inches,  while  in 
Brachiosaurus  the  same  bone  measures  fully  eighty.  More  important 
differences  are  to  be  found  in  the  relative  height  of  the  neural  arches, 
the  development  of  the  hyposphene-hypantrum  articulation,  and  the 
length  of  the  centra  in  the  dorsal  vertebrae. 

In  the  smaller  genus  the  vertebral  pedicles  are  peculiarly  attenu- 
ate, giving  to  the  neural  arch  the  extraordinary  elevation  pointed  out 
by  Hatcher,  and  to  the  neural  canal  the  unusually  great  vertical 
diameter.  In  the  larger  and  more  highly  speciahzed  Brachiosaurus 
there  is  no  evidence  whatever  of  this  characteristic.  The  pedicles 
are  broad  antero-posteriorly,  narrow  and  rounded  on  the  posterior 
margin  instead  of  being  produced  into  an  angle,  as  in  the  smaller 
form,  and  the  neural  canal  is  but  little  deeper  than  wide. 

•Mcmo<rsijfth.>Carne.:i<!Musriim,  vol.  ii.  No.  i. 
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It  will  be  observed  thsit  in  Haplocanthosaurus  the  zygapophyses 
are  about  as  strong  as  those  of  Morosaurus,  and  extend  a  like  distance 
from  the  median  line.  Their  articular  surfaces  are  plane  and  directed 
slightly  upward  as  well  as  laterally.  The  hyposphene  has  a  moderate 
development.  In  Brachiosaurus ,  on  the  other  hand,  there  is  a 
marked  crowding  together  of  the  zygapophyses  at  the  median  line, 
especially  in  the  mid-dorsal  region,  and  an  unusual  development  of 
the  hyposphene-hypantrum  articulation.  The  articular  surfaces  of 
the  zygapophyses  are  directed  laterally  and  are  slightly  curved,  so 
that  the  postzygapophyses  embrace  the  anterior  pair.  The  centra 
of  the  dorsal  vertebrae  in  the  larger  genus  are,  with  the  exception  of 
the  last,  much  more  elongate  and  more  thinly  walled  than  in  the 
smaller  form.  The  sacral  ribs  also  show  a  much  higher  degree  of 
specialization.  In  Haplocanthosaurus  they  arise  uniformly  from  the 
anterior  end  of  the  centra  and  show  but  little  variation  in  strength 
throughout  the  series.  In  the  larger  animal,  however,  the  second 
pair  are  greatly  expanded,  as  has  been  described  above,  while  the 
third  pair  are  correspondingly  reduced  in  size.  There  is  also  a  much 
greater  relative  expansion  of  the  thoracic  cavity,  as  is  shown  by  the 
comparative  length  of  the  anterior  ribs. 

The  neural  spines  of  Brachiosaurus ,  so  far  as  preserved,  present 
the  same  type  of  structure  as  do  those  of  Haplocanthosaurus,  but 
while  those  of  the  latter  genus  reach  their  greatest  length  at  the  third 
presacral  and  begin  to  diminish  with  the  sixth,  those  of  the  former 
increase  regularly  to  the  seventh.  There  is  also  a  more  pronounced 
shortening  of  the  neural  spines  and  transverse  processes  of  the 
anterior  caudals  in  Brachiosaurus ,  indicating  a  reduction  of  the 
caudal  series,  consistent  with  the  cephalad  specialization  of  this  form. 

In  most  of  the  above  noted  differences,  Haplocantliosaurus  presents 
a  more  primitive  structure,  from  which  Brachiosaurus  might  well  be 
derived.  However,  the  elevation  of  the  neural  arches  and  the 
upward  direction  of  the  diapophyses  in  the  smaller  form  present  a 
degree  of  specialization  which  precludes  this  possibility.  A  very 
similar  condition  exists  in  Stegosaurus ,  probably  as  an  adaptation  to 
the  support  of  its  dermal  armor.  While  it  is  hardly  possible  that 
such  an  armor  could  have  existed  in  this  form  without  having  been 
preserved  in  one  or  the  other  of  the  two  specimens  described  by 
Hatcher,  the  elongation  may  have  resulted  from  a  like  muscular 
development,  or  it  may  be  due  to  acquired  aquatic  habits,  as  such  a 
tendency  is  found  in  certain  cetaceans.  To  assume  that  the  dorsal 
pedicles  had  attained  such  an  elevation  and  were  again  reduced  to  the 
low,  broad  structure  found  in  Brachiosaurus ,  would  be  inconsistent 
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with  all  laws  of  organic  development.  We  must,  therefore,  conclude 
that  the  two  forms  have  arisen  from  a  common  ancestry,  probalily 
somewhere  in  the  lowermost  Jurassic,  and  that  while  the  Haplocantho- 
saurus  phylum  remained  in  general  conservative,  it  reached  a  high 
degree  of  specialization  in  this  one  particular.  Braihiosaitrus,  on 
the  other  hand,  is  a  somewhat  later  representative  of  the  more  higlily 
specialized  line  which  had  taken  to  purely  terrestrial  habits. 

These  conclusions  are  in  accord  with  the  evidence  to  be  derived 
from  the  relative  age  of  the  horizons  in  which  these  fossils  are  found. 
While  there  is  little  reliable  stratigraphic  data  for  comparison  be- 
tween the  eastern  and  western  Colorado  locahties,  the  evidence 
which  has  been  adduced  would  indicate  that  Brachiosaurus  comes 
from  a  horizon  at  least  one  hundred  feet  above  the  Cafion  City 
fjuarry.  However,  varioub  species  of  Apalosaurtis  and  Morosaurus 
are  found  in  the  same  horizons  with  both  forms,  so  that  the  differ- 
ence in  time  alone  is  not  sufficient  to  account  for  the  differences 
between  these  two  related  forms.  We  must,  therefore,  attribute 
these  differences  chiefly  to  digressive  development. 

PROBABLE  HABITS. 

[The  habits  of  the  Opisthoccelia  have  been  regarded  as  seroi- 
ttic  or  at  least  marsh-dwelling.  This  conception  was  based 
argely  upon  the  structure  of  the  teeth,  which  are  fitted  for  masticat- 
ing soft,  succulent  vegetation,  and  upon  the  ponderous  bulk  of  the 
animals  which  seemed  liest  suited  for  aquatic  locomotion.  It  is  true 
that  the  massive  structure  of  the  vertebra;  in  such  forms  as  Apalo- 
sitiinis  ajax  bears  some  resemblances  to  the  vertebra:  in  cetaceans. 
However,  the  writer  has  fiiiled  to  discover  in  the  skeletal  structure  of 
aquatic  or  scTui-aquatic  iitiimals,  either  reptilian  or  mammalian,  any 
of  that  fluting  and  hollowing  of  the  vertebra  which  have  been  inter- 
preted as  evidence  of  aquatic  habits  in  the  Opisthoccelia.  This  same 
effort  at  lightening  the  skeleton  was  regarded  by  an  earlier  Knglish 
writer  as  evidence  of  aerial  habits! 

That  which  appears  to  the  present  writer  to  afford  most  reliable 
evidence  as  to  habits  is  the  structure  of  foot  and  limb.  As  pointed 
out  by  Hatcher,  there  is  no  evidence  among  opisthoca'lians  of  that 
shortening  or  angulation  of  limb,  or  the  l.iroadening  of  foot,  which  is 
common  to  amphibious  animals.  ,\or  is  there  anything  in  the  struc- 
ture of  the  opi;ilhocu-lians  which  is  not  found  in  some  terrestrial 
forms.  The  straight  hind  leg  occurs  in  f|uadmiicds  only  among  those 
forms  which  inhabit  the  uplands.  Familiar  instances  of  parallel 
development  of  this  character  are  found  in  the  proboscidca,  dinocerata, 
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etc.  The  short,  stout  metapodials  and  blunted  phalanges  character- 
istic of  the  Opisthocoelia  would  be  as  ill  adapted  for  propulsion  in 
water  or  upon  marsh  lands  as  are  those  of  the  elephant.  The  reduc- 
tion in  the  numl)er  of  claws  offers  further  evidence  along  this  line, 
and  finds  a  parallel  in  the  great  ground  sloths.  In  short,  if  the  foot 
structure  of  these  animals  indicates  anything,  it  indicates  speciali- 
zation for  terrestrial  locomotion. 

In  the  genus  Brachiosaiiriis  there  are  very  different  proportions  of 
fore  and  hind  leg,  of  pelvis  and  thorax  and  tail,  from  those  of  the 
usual  type  of  opisthoccelian  dinosaurs.  To  harmonize  with  them  we 
may  expect  that  decided  differences  existed  in  the  head  and  neck. 
The  foot  structure  in  Apatosanriis  and  Diplodocus  may,  as  before  stated, 
be  regarded  as  highly  specialized,  l>ut  the  length  and  slendemess  of 
limb,  the  deep  thorax,  the  broad  sacrum,  the  expanded  ilium,  and 
the  abbreviated  tail  of  Brachiosanrns  all  point  to  a  greater  agility 
and  a  much  better  adaptation  to  terrestrial  habits  than  is  found  in 
any  other  representative  of  the  Opisthocoelia. 

The  varying  structure  of  the  dorsal  vertebrae  in  the  larger  dino- 
saurs offers  some  interesting  problems  as  to  the  habits  of  the  animals. 
In  some  genera  a  relation  between  the  length  of  the  dorsal  spines  and 
the  breadth  of  the  zygapophyses  is  noticeable.  We  may  well 
assume,  with  other  writers,  that  the  heavier  forms,  such  as  Apato- 
sanrus  and  Diplodocus,  which  are  provided  with  long  spines  in  the 
sacral  and  posterior  dorsal  region,  were  adapted  to  rearing  up  on  the 
hind  legs  as  is  represented  in  the  conventional  mounted  skeleton  of 
M c gather i urn.  In  these  forms  we  find  that  the  body  is  short  and 
therefore  well  adapted  to  this  habfl.  Morasaurus  and  Camarasanrus 
are  less  ])erfcctly  adapted  to  such  a  habit  by  reason  of  their  shorter 
spines,  but  might  well  have  been  capable  of  assuming  the  upright 
position.  The  slender  shaft  of  the  ischium  in  the  former  genus  could 
have  hardly  afforded  sufficient  support  in  the  sitting  posture.  In  all 
of  these,  however,  it  will  be  observed  that  the  zygapophyses  are 
strong  and  j^laced  far  a[)art,  especially  in  the  anterior  dorsal  region 
of  Apatosaiirns.  Their  se])aration  is  doubtless  directly  due  to  the 
bifurcate  sj)ines.  Imt  that  arrangement  was  a  concomitant  of  the 
development  of  a  median  set  of  dorsal  muscles  whose  function  it  was 
to  elevate  the  anterior  portion  of  the  body.  The  unusually  strong 
zygaj)oj)hyses  served  to  support  and  control  the  ponderous  shoulders 
and  neck  when  the  upright  position  was  assumed.  All  of  this  bespeaks 
great  mobility  of  the  anterior  portion  of  the  body. 

In  JlaplocautJiosannts  we  have  noticed  that  the  spines  are  short 
posteriorly,  but  reach  their  greatest  length  at  the  middle  of  the  dorsal 
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legs  of  Brachiosaurus  indicate  that  its  habits  of  locomotion  were 
entirely  quadrupedal. 

6.  The  foot  structure  in  most  opisthocoelians  furnishes  unmis- 
takable evidence  of  terrestrial  habits.  The  length  of  fore  limb  and 
bodily  proportions  of  Brachiosaurus  show  that  this  form  was  more 
highly  specialized  for  terrestrial  habits  than  any  other  known  member 
of  this  order. 
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THE  CARAPACE  AND  PLASTRON  OF  BASILEMYS  SINUOSUS, 
A  NEW  FOSSIL  TORTOISE  FROM  THE  LARAMIE 

BEDS  OF  MONTANA. 


BY  E.  S.  RIGGS. 

An  unusually  well-preserved  shell  of  a  tortoise  (P.  12008)  col- 
lected by  the  Museum  Expedition  of  1904  presents  new  and  inter- 
esting characters.  The  specimen  is  evidently  closely  related  to  a  form 
described*  by  Cope  from  the  Judith  River  Beds  of  Montana  as  Comp- 
setnys  variolostis.  This,  with  a  more  complete  specimen  from  the 
Belly  River  series  of  Alberta,  was  later  referredf  by  Lambe  to  the 
genus  Adocus,  and  finally  by  Hay  to  a  proposed  new  genus,  BasilemysX 
The  size  of  the  specimen  under  consideration  is  almost  identical 
with  that  described  by  Lambe  and  the  dermal  markings  are  very 
similar,  but  it  differs  notably  in  the  form  of  the  anterior  end  o^  the 
plastron  and  the  arrangement  of  gular  shields.  The  median  sulcus 
of  the  plastron  is  remarkably  sinuous,  crossing  and  recrossing  the 
median  line  and  often  deviating  widely  from  it.  On  account  of  this 
character  the  specific  name  sittMosus  is  proposed  for  it.  It  is,  provi- 
sionally referred  to  Basilemys  pending  the  definition  of  that  genus. 

The  specific  characters  are  as  follows:  Anterior  end  of  plastron 
produced  into  a  thick  rounded  knob;  gular  shields  long  and  narrow 
and  meet  at  the  median  line;  median  sulcus  unusually  sinuous. 

The  specimen  as  a  whole  is  in  a  fine  state  of  preservation.  It 
was  found  in  a  bed  of  hard  but  uncemented  sand  containing  bones 
of  Triceratops,  Trachodon,  and  other  characteristic  Laramie  fossils. 
The  shell  was  lying  on  the  plastron  in  its  normal  position.  It  has 
been  somewhat  flattened  by  compressure  in  the  vertical  direction. 
The  carapace  is  complete  with  the  exception  of  a  few  fragments  miss- 
ing from  the  vertebral  region  and  a  section  from  the  right  side;  in- 
cluding the  posterior  half  of  the  second  and  the  anterior  half  of  the 
third  pleural  plates,  together  with  the  greater  part  of  the  fifth  and 
the  anterior  part  of  the  sixth  peripheral  plates.  Much  of  the  con- 
tact between  the  carapace  and  plastron  is  also  lost.  The  remainder 
of  the  plastron  is  preserved  entire.  However,  the  inferior  surface 
is  modified  by  compressure  so  as  to  be  deeply  concave. 

•Pro.  Acad.  Nat.  Sd.  Phila.  1876.  p.  as7- 
tThe  Ottawa  Naturalist,  Vol.  XVI.  p.  63. 
tNomen  Nudem,  Bull.  U.  S.  Geol.  Surv.  Nov.  179,  p.  445- 
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The  shell  is  in  general  stmcture  broad  and  low,  fiat  and  emai^- 
nate  at  the  interior  end,  but  steep  posteriorly.  The  carapace  and 
plastron  are  firmly  united  by  a  wide  bridge  which  extends  more  than 
half  the  entire  length  of  the  shell.  The  whole  of  the  free  surface  is 
marked  by  pittings  which  vary  in  depth,  structure,  and  arrangement 
in  different  parts  of  the  shell.  The  homy  shields  are  outlined  by 
narrow  sulci  which  are  plainly  marked  in  the  vertebro-costal  region, 
and  in  the  piastron,  though  less  conspicuous  between  the  marginals. 
The  sutures  Joining  the  bony  plates  are  everywhere  closed,  so  that 
in  some  places  they  cannot  be  traced  by  the  aid  of  a  lens.  The  centra 
of  the  dorsal  vertebra  have  been  detached  and  lost  from  the  speci- 
men entirely.  The  neural  plates  bear  on  their  inferior  surfaces  an 
interrupted  median  ridge  indicating  the  attachment  of  the  neural 
spines.  The  proximal  ends  of  the  pleural  plates  bear  stout  tuber- 
cular processes  for  vertebral  attachment.     Plate  LXXVII. 

The  carapace  is  relatively  thin  throughout.  The  anterior  end 
is  unusually  fiat,  a  character  which  has  evidently  been  accentuated 
by  compressure  in  fossilization.  The  nuchal  border  is  rounded  and 
indented  by  a  wide  concavity.  Elsewhere  the  free  margin  is  drawn 
to  a  sharp  angle.  The  posterior  end  is  markedly  convex  in  the  pygal 
region.  The  margin  is  slightly  recurved  over  the  femora,  but  t 
formly  convex  and  overhanging  at  the  median  line.     Plate  LXXVII, 

The  neural  plates  are  irregularly  hexagonal,  but  vary  in  size  and 
in  outline.  A  certain  amount  of  asymmetry  is  also  noticeable  in 
them.  The  first  is  broadly  coffin-shaped,  with  the  large  end  directed 
backward.  It  articulates  laterally  with  the  first  pair  of  pleurals, 
postero-Iaterally  with  the  second  pair,  and  posteriorly  by  a  concave 
line  with  the  second  pleural.  The  second  is  sub-ovate  in  outline 
and  notably  smaller  than  the  first.  Its  pleural  articulation  is  con- 
fined to  the  second  pair.  The  third  neural  is  a  trifle  smaller  than 
the  first  and  has  an  outline  similar  but  reversed  in  position.  Thus 
it  articulates  antero-laterally  with  the  second  pair  of  pleurals  and 
l.-iterally  with  the  third  pair.  The  entire  fourth  and  part  of  the  fifth 
are  niissiing  from  this  specimen.  They  vx-ere  evidently  narrower  than 
the  third  but  similar  in  form.  The  sixth  is  notably  asymmetrical. 
The  anterior  end  and  ri<;ht  side  have  the  usual  form,  but  the  left 
side  is  elongate  so  as  to  articulate  with  the  whole  mesial  end  of  pleural 
VI  :ind  postero-latenilly  Ijv  a  short  line  with  pleural  vii.  The 
seventh  ncund  is  thus  excluded  from  its  iionnal  articulation  on  the 
left  \s*ith  pleural  vii,  and  is  corre,S|)ondinjjly  asymmetrical.  it  is 
fliso  much  smaller.     The  eighth  neural  is  much  shortened  antero- 
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posteriorly  and  lies  opposite  the  suture  between  pleurals  vii  and 
VIII.  A  ninth  irregularly  rounded  plate  intercolated  between  the 
last  pair  of  costals  may  be  regarded  as  a  post-neural. 

The  pleural  plates  extend  only  about  two-thirds  of  the  distance 
from  the  neural  suture  to  the  margin  of  the  carapace.  Their  articu- 
lation with  the  neurals  has  been  described  in  the  preceding  para- 
graph. Distally  they  articulate  with  the  marginals,  breaking  joints 
in  a  mosaic  pattern.  Pleurals  i  to  iii  inclusive  are  directed  obliquely 
forward.  Pleural  iv  stands  at  a  right  angle  to  the  median  line. 
From  this  point  the  remainder  of  the  series  becomes  more  and  more 
directed  obliquely  backward  until  the  last  pair  conforms  to  the  wide 
A-shape  of  the  first  pygal.  Pleural  i  is  much  the  broadest  of  the 
series,  articulating  anteriorly  with  the  nuchal  and  peripherals  one 
and  two.  Distally  it  abuts  the  whole  mesial  border  of  peripheral 
three  and  a  small  anterior  portion  of  four.  Pleural  11  is  long  and 
narrow,  meeting  only  two-thirds  of  peripheral  four.  Pleural  iii  is 
widest  at  the  distal  end,  articulating  antero-laterally  with  the  fourth 
and  laterally  with  the  fifth  peripheral.  Pleural  iv  is  uniform  in 
width,  and  has  a  distal  articulation  similar  to  the  perceding.  Pleural 
V  is  slightly  expanded  toward  the  extremity  and  presents  an  almost 
equal  surface  to  marginals  six  and  seven.  The  suture  between  Pleu- 
rals V  and  VI  is  unusually  sinuous.  The  latter  element  is  noticeably 
narrower  and  has  its  distal  articulation  similar  to  the  preceding. 
Pleural  vii  is  shorter,  and  much  narrower  at  the  mesial  end.  It 
articulates  distally  with  peripheral  eight  by  a  short  suture,  but  chiefly 
with  nine.  Pleural  viii  is  shortest  and  smallest  of  the  series.  It 
arises  from  the  eighth  and  ninth  neurals,  and  is  more  uniform  in 
width  than  the  preceding.  It  meets  peripheral  nine  in  a  short 
antero-lateral  suture  as  well  as  half  the  mesial  surface  of  peripheral 
ten. 

The  first  pygal  plate  has  the  form  of  a  wide  A.  Its  lateral  wings 
are  co-extensive  with  the  last  pair  of  pleurals,  with  which  they  articu- 
late anteriorly.  Laterally  they  abut  a  third  of  the  mesial  surface 
of  peripheral  ten.  The  posterior  surface  is  concave  to  receive  the 
rounded  surface  of  the  succeeding  element.  The  second  pygal  is  a 
wide  irregular  figure,  convex  on  the  anterior  surface  and  bounded 
by  three  concave  facets  posteriorly.  These  facets  articulate  with 
the  eleventh  pair  of  peripherals  and  the  third  pygal.  Laterally  this 
bone  also  presents  a  small  pair  of  surfaces  to  the  postero-lateral  faces 
of  the  tenth  pair  of  peripherals.  The  third  pygal  is  not  more 
than  half  as  large  as  the  second  and  is  sub-hexagonal  in  outUne. 


352  Field  Columbian  Museum — Geology,  Vol.  III. 

The  peripherals  are  eleven  in  number  exclusive  of  the  nuchals 
and  last  pygal.  The  series  as  a  whole  is  unusually  deep,  especially 
in  the  lateral  region  where  the  plates  above  the  angle  of  the  cara- 
pace are  more  than  half  the  length  of  the  adjacent  pleurals.  Only 
the  last  pair  is  covered  entirely  liy  the  marginal  shields.  The  nuchal 
differs  from  the  common  hexagonal  type  in  that  the  anterior  border 
forms  a  refintrant  angle  at  the  median  line.  The  peripheral  bones 
gradually  increase  in  depth  from  first  to  fourth.  The  fourth,  fifth, 
and  sixth  are  similar  in  size  and  are  largest  of  the  series.  With  the 
seventh  there  is  a  decided  reduction  in  antero-posterior  diameter. 
The  ninth  and  tenth  diminish  rapidly  in  length,  the  eleventh  is  much 
the  smallest  of  the  series.  The  tenth  presents  an  equal  surface  to 
articulate  with  the  eighth  pleural  and  the  first  two  pygals.  Perir 
pherals  three  to  seven  inclusive  form  the  bridge. 

The  vertebral  simlds  are  notably  variable  in  outline.  The  first' 
has  the  form  of  an  irregular  truncated  pyramid  with  its  base  at  the 
anterior  marginal  suture.  In  this  specimen  it  is  quite  asymmetrical. 
The  second,  third  and  fourth  are  much  longer  than  wide.  The  sec- 
ond and  third  are  sub-rectangular  in  outline  and  nearly  equal  in  size. 
The  fourth  is  somewhat  smaller,  narrower  at  the  posterior  end  and 
more  irregular  in  outline.  The  fifth  is  the  largest  of  the  series.  It 
has  the  form  of  a  wide  triangle  whose  base  is  at  the  posterior  mar- 
ginal suture. 

The  coslal  shields  are  four  in  number.  The  first  has  the  form 
of  a  quadrant  of  a  circle  whose  center  is  at  the  mid-lateral  border 
of  vertebral  ii.  It  overlies  the  greater  part  of  the  first  and  half  of 
the  second  pleural,  as  well  as  parts  of  the  first  four  peripheral  bones. 
The  second  and  third  costals  are  rectangular  in  outline.  The  second 
is  somewhat  broadest  in  its  antero-posterior  diameter  and  extends 
over  the  posterior  half  of  the  second,  all  of  the  third  and  the  anterior 
half  of  the  fourth  ])lciiral  plates,  as  well  as  parts  of  the  fourth,  fifth 
and  sixth  peripherals.  The  third  costal  shield  bears  a  similar  rela- 
tion tn  the  fourth,  fifth  .-md  sixth  pleurals,  and  the  sixth,  seventh  and 
eiji;hth  peripherals.  The  fourth  costal  shield  is  an  irregular  quadri- 
latORil  and  is  the  smallest  of  the  scries.  Its  relation  to  the  neural  and 
perii^licral  plates  is  similar  to  that  (if  the  second  and  third.  The 
intoriostal  sulci  have  the  usual  pf>Bition  opposite  the  middle  of  the 
vertebral  shields. 

The  iihirgiihil  .■^liiclds  are  twenty-five  in  all.  The  sulcus  separa- 
ting them  from  the  vcrtebrnls  and  costals  falls  far  without  the  pleuro- 
peripheral  suture  [ind  is  little  more  plainly  marked  than  those  in  the 
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vertebral  region.  The  nuchal  shield  is  very  small.  It  is  narrow 
in  its  superior  aspect  but  rapidly  widens  as  it  rounds  the  anterior 
margin.  The  first  pair  of  marginals  are  long  and  narrow;  the  sec- 
ond and  third  increase  regularly  in  breadth.  The  fourth  to  seventh, 
inclusive,  overlie  the  bridge.  Their  distal  articulation  will  be 
described  with  the  plastron.  The  eighth,  ninth  and  tenth  diminish 
slightly  in  depth  in  the  order  named.  The  eleventh  increases  rapidly 
in  depth  toward  the  mesial  border.  The  pygal  is  deepest  of  the  series 
and  is  paired. 

The  plastron  is  suggestive  of  great  rigidity  and  strength  as  in- 
dicated by  the  wide  bridges  with  thickened  buttresses  and  firmly 
interlocking  sutures,  the  massive  anterior  process  formed  by  the 
epiplastra,  and  the  thickened  and  rugose  borders.  The  pittings  are 
more  deeply  marked  than  on  the  carapace,  and  the  arrangement  of 
shields  is  unusually  complicated.  In  its  entire  length  the  median 
sulcus  crosses  the  median  suture  fourteen  times.  At  no  point  does 
it  coincide  with  the  median  suture.  Compared  with  the  plastron 
of  B.  variolostis  as  figured  by  Lambe*  there  is  a  great  similarity. 
However,  the  epiplastrals  in  this  form  are  more  produced,  the  ento- 
plastron  noticeably  larger,  the  gular  shields  meet  at  the  median  line, 
and  the  median  sulcus  is  much  more  sinuous.      Plate  LXXVIII. 

The  epiplastra  unite  at  the  median  suture  to  form  a  thick  and 
rounded  knob,  which  may  be  termed  the  gular  eminence.  The  dis- 
tal ends  appear  on  the  inferior  surface  as  a  pair  of  wing-like  processes 
which  are  directed  postero-laterally.  The  entoplastron  is  sub- 
hexagonal  in  outline  and  one-third  broader  than  long.  Its  anterior 
margin  joins  the  epiplastra  in  two  approximately  straight  lines  which 
meet  in  an  angle  of  sixty  degrees.  The  lateral  borders  are  short, 
the  posterior  angle  very  obtuse.  The  hypoplastra  are  somewhat 
larger  than  the  hyoplastra.  In  this  specimen  there  is  a  break  in  their 
connecting  suture  at  the  median  line.  The  former  articulate  laterally 
with  peripherals  three,  four  and  five,  and  postero-laterally  they  pre- 
sent a  short  articulating  surface  to  peripherals  six.  The  hyoplastra 
articulate  laterally  with  peripherals  six  and  seven.  The  xiphiplastra 
extend  forward  almost  to  the  femoral  notches.  On  the  superior 
surface  the  gular  eminence  terminates  in  a  single  short  median  ridge, 
and  is  flanked  by  a  pair  of  marginal  ridges  which  extend  half  way 
to  the  humeral  notches.  The  entoplastron  bears  on  a  pair  of  low 
converging  ridges  the  facets  for  articulation  with  the  precoracoids. 
The  xiphiplastra  bear  a  similar  but  larger  pair  of  facets  for  ligamentary 
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union  with  the  pubic  process.     From  the  femoral  notch  to  the  median  I 

line  the  margin  is  elevated  to  form  a  sharp  ridge,  deeply  pitted  on 
the  free  surface. 

The  dermal  shields  of  the  plastron  are  very  complex  in  arrange- 
ment. The  intergulars  are  similar  on  the  inferior  surface  to  those 
of  B.  variotosus,  but  superiorly  they  are  extended  to  cover  the  pro- 
truding gular  process.  Between  them  the  median  sulcus  twice  crosses 
the  medii-'.n  suture.  The  gulars  are  long  and  narrow,  and  meet  at  the 
median  line.  The  humerals  are  relatively  smaller  than  in  B.  vario- 
losus.  They  present  for  union  at  the  median  line  a  surface  barely 
a  half-inch  in  length.  The  pectoral  shields  as  a  pair  are  similar  in 
outline  to  those  of  the  species  cited,  though  they  extend  somewhat 
farther  backward  mesially.  Between  them  the  median  sulcus  de- 
parts from  the  median  line  in  a  series  of  meanderings  in  which  it 
crosses  the  median  suture  five  times.  In  the  abdominals  it  follows 
almost  parallel  with  the  suture  making  a  single  digression  near  the 
posterior  border.  The  abdominals  send  backward  a  pair  of  peculiar 
narrow  processes  between  the  inguinals  and  femorals  to  the  border 
of  the  femoral  notch.  The  femorals  are  sub-quadrangular  in  outline, 
extending  laterally  to  the  border  of  the  femoral  notch.  In  the  anals 
the  median  sulcus  presents  the  most  fantastic  tracery,  crossing  the  | 

median  suture  in  a  series  of  wide  loops,  departing  from  it,  in  one  is-  ^^| 
st.'iiice,  nearly  two  inclies  and  fin;i!!y  retiimint;  to  it  at  the  posterior 
margin.  On  account  of  portions  missing  at  the  lateral  angle  of 
the  carapace  it  cannot  positively  be  determined  whether  the 
marginals  are  divided  into  an  inframarginal  scries.  From  the  fact 
that  no  evidence  of  a  dividing  sulcus  can  he  made  out  on  either  side, 
as  well  as  the  opposite  position  of  the  vertical  sulci  on  each  side  of 
the  S'"'!'.  it  is  assumed  that  the  series  is  not  divided  into  marginals  and 
infra  marginals,  respectively. 

From  the  narrow  lateral  extremities  of  the  pectorals  radiate 
three  wedge-shaped  shields.  The  anterior  and  smallest  is  the  axillary 
shield  wliioli  overlies  the  axial  buttress  and  extends  upward  along 
tlio  free  margin  of  the  carapace  to  join  the  second  nuchal.  The 
other  shields  radiating  from  this  point  are  the  fourth  and  fifth 
marijinals.  The  ,^ixth  marginal  is  very  broad  at  its  ventral 
border,  joining  nearly  the  whole  lateral  surface  of  the  abdominal 
shield.  Two  pairs  uf  shield.^  converge  at  the  postero-Iateral 
angle  of  the  abdominals.  The  most  anterior  is  the  seventh  mar- 
ginal, which  narrows  mt'sially  almost    to   a   point.      Hack  of  this  lies 
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the    inguinal    shield    which     overlies    the    posterior    or    inguinal 
buttress. 

The  sculpturing  of  the  shell  in'members  of  this  genus  has  been 
variously  described.  In  his  original  description*  of  the  type  species 
B.  variolosus  Cope  described  the  dermal  markings  as  follows:  **The 
sculpture  consists  of  round  fossae,  which  are  deeply  impressed,  and 
are  arranged  quincuncially ,  so  that  their  borders  never  form  straight 
lines.  The  latter  are  also  more  or  less  angulate  on  the  edges,  so  that 
the  surface  has  a  more  than  usually  rugose  character."  Of  the  species 
B,  {Compsemys)  imbricariiis  he  writes  as  follows:*  **The  character 
of  this  sculpture  distinguishes  the  species  and,  in  the  present  instance, 
in  a  special  manner.  It  consists  in  the  C.  imbricaritis  of  excavations 
bounded  on  the  sides  by  a  short  ridge  each,  which  alternate  with  each 
other.  Thus  each  bounding  ridge  terminates  abruptly  at  the  fundus 
of  one  of  the  fossae,  while  the  other  end  of  the  fossa  rises  and  con- 
tracts to  another  ridge.*'  In  the  more  complete  specimen  described 
by  Lambe  as  belonging  to  Adocus  variolosus  the  CMrkings  are  de- 
scribed as  follows :f  "The  sculpture  consists,  when  most  rugose, 
of  well-excavated  pits  of  rounded  hexagonal  outline  arranged  quin- 
cuncially ;  the  dividing  ridges  are  angular  and  narrower  than  the  pits 
are  wide,  their  angularity  and  height  being  more  pronoimced  at  the 
junction  of  every  three  pits  with  each  other." 

It  will  be  noted  that  the  quotations  from  Cope's  description  of 
B,  imbricaritis  and  Lambe's  characterization  of  the  sculpture  in  B, 
variolosus  describe  very  similar  markings.  Moreover,  the  various 
types  of  markings  indicated  by  these  three  descriptions  are  all  to  be 
found  in  various  parts  of  the  specimen  under  consideration.  In 
fact,  the  sculpture  in  various  regions  of  carapace  and  plastron  varies 
so  widely  that  no  area  could  be  taken  as  typical  with  the  assurance 
that  fragments  from  other  parts  of  the  shell  could  be  recognized  from  it. 

The  pittings  are  most  conspicuous  and  most  regular  on  the  plas- 
tron and  about  the  margin  of  the  carapace.  In  the  vertebral  region 
they  are  least  conspicuous  and  without  any  regular  arrangement. 
On  the  superior  surface  of  the  gular  process  and  the  anterior  half  of 
the  femoral  shields  there  is  to  be  found  the  type  of  sculpture  described 
in  B.  inihricarius  in  which  a  sharp  ridge  terminates  abruptly  at  the 
fundus  of  the  succeeding  pit.  It  is  noticeable,  however,  that  in  those 
portions  of  the  femoral  shields  which  overlie  the  xiphiplastra  the 
arrangement  suddenly  changes  to  a  series  of  irregular  diagonal  rows. 
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Similarly  on  the  lateral  surface  of  the  gular  process  the  markingfs 
fall  into  straight  rows  in  which  the  pits  of  adjacent  rows  alternate 
so  as  to  form  diagonal  lines.  Thus  the  pits  are  in  regular  rosettes  — 
patterns  of  six  around  one.  In  other  parts  of  the  plastron  may  be 
occasionally  recognized  groups  of  fives,  of  fours  and  of  threes,  but 
for  the  most  part  no  regular  arrangement  is  to  be  recognized. 

It  is,  therefore,  probable  that  if  the  whole  carapace  and  plas- 
tron of  B.  i-ariolosus  and  B.  intbricatus  were  known  the  same  regional 
variation  would  be  found  to  obtain.  At  all  events,  little  reliance 
can  be  placed  upon  the  depth  or  arrangement  of  pittings  as  bases 
for  specific  determination  in  this  genus. 

MEASUREMENTS. 

Length  of  carapace  at  median  line . .705 

Breadth  of  carapace 565 

length  of  plastron 650 

Breadth   of  hypoplastra  , .  . .    .        .480 

Length  of  bridge .  360 

Greatest  breadth  of  nuchal   plate    , 

Least  breadth  of  nuchal  shield 007 

Greatest  breadth  of  first  pleural  p!ate .iia 

Greatest  length  of  third    pleural  plate 305 

Greatest  breadth  of  anterior  pygal r  70 

Breadthof  entopiastron 148 

Thickness  of  epiplastra  at  gular  eminence .060 
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Nu^  nuchal  plate. 

N,  1  to  e,  neural  plates. 

P.  N.,  pott-neural  plate. 

Per.  1  to  11,  peripheral  platea. 


Py.  1  to  3,  pygal  plates. 
V.  1  to  V,  vertebral  shields. 
Cos.  1  to  IV,  cosul  shieldf. 
M.  I  to  XII,  marginal  shields. 
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Ing^  iuguteuA  Ate\&. 


H.,  humeral  Bbield. 
Pec,  pectoral  ahield. 
Ab,  abdgailnal  ahield. 
Fem^  femoral  dileld. 
Ail,  anal  ihield. 
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A    LIST   OF   DEVONIAN   FOSSILS    COLLECTED   IN   WESTERN 
NEW   YORK,   WITH  NOTES   ON   THEIR.  STRATI- 
GRAPHIC   DISTRIBUTION. 


BY  ARTHUR  W.  SLOCOM. 


The  material  upon  which  this  paper  is  based,  was  collected  during 
the  month  of  September,  1904,  and  is  now  a  part  of  the  Paleonto- 
logical  collections  of  this  Museum.  Especial  effort  was  made  while 
collecting,  not  only  to  obtain  as  complete  a  fauna  as  possible  at  each 
locality  visited,  but  to  have  the  number  of  specimens  collected  of 
the  various  species  represent,  as  nearly  as  might  be,  their  relative 
abundance  at  the  different  localities. 

In  the  Hamilton  or  Middle  Devonian  rocks  of  Western  New  York 
and  Canada  there  are  three  well-defined  beds  of  varying  thickness 
but  of  constant  lithological  characters.  The  upper  of  these  beds  is 
a  shale  called  the  Moscow  shale;  the  middle  bed  is  a  crystalline  lime- 
stone varying  in  thickness  from  1 5^  to  3  feet,  called  the  Encrinal 
limestone;  and  the  lowest  bsd  is  the  Hamilton  shale.  The  Encrinal 
limestone  is  present  at  so  many  of  the  outcrops,  and  is  so  easily  rec- 
ognized that  it  serves  as  a  datum  line  for  correlating  the  shales  either 
above  or  below  it.  At  none  of  the  localities  visited  by  the  writer  was 
there  enough  of  the  beds  exposed  to  give  any  idea  of  the  thickness  of 
the  series,  but  measurements  made  at  other  places  by  other  authors 
show  that  in  a  general  way  the  beds  may  be  said  to  gradually  thin 
out  towards  the  West.  Thus  at  *Utica,  New  York,  where  the  meas- 
ure was  obtained  from  a  well,  Prosser  found  a  thickness  of  1,142  feet. 

At  the  fLivonia  salt  shaft  in  Livingston  county,  about  124  miles 
west  of  Utica,  Luther  reports  the  thickness  of  the  beds  as  517  feet, 
and  at  the  f  Crystal  salt  well  near  Wyoming,  about  23  miles  farther 
west,  a  thickness  of  407  feet.  At  J  Eighteen  Mile  Creek  near  Buffalo, 
about  45  miles  west  of  Wyoming,  Shimer  and  Grabau  report  that 
the  beds  measure  only  76  feet.  At  JThedford,  Ontario,  about  130 
miles  still  farther  west,  a  thickness  of  81  feet  is  reported  by  the  same 
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Tfaas  it  wppiii  ttak,  h  paan^  bom  Otioi  to 

^•fma  1.14*  to  76  feet.     In  tiie  next  130  niSes.  however,  ttere' it 

paratiTelT  little  change  in  tlucicness. 

Tbe  Uoscow  aad  Beihaay  localities  hav« 
lectin^  gronads  for    maay  years.     H.   A.  Gicpi*    called 
to  tbcm  as  tar  hack  as  iS64.  and  still  tbe  ntpply  oC  wefl 
fosats   is  appaicntir  as  good  as  erer. 

Uoscaw:  Tht  outoop  at  Uoscow.  hnm  wbsdi  ttae  ICtwcow 
leceiKwl  its  Dame,  afiorded  to  the  wiiter  its 
Poastb  wen  most  sbandant  at  tiie  cxpoeaxts  alon^  tbe  enek 
Cam  of  Mr.  W.H.  DeFonea  (Plato  LXXIX)  aboat  a  nt^ 
tovn.  AnDther  gapoanne  was  fcraad  about  a  qsartEr  of  a  mile 
of  the  statioa  wbne  a  cnek  paaaes  under  the  tailway  Bad 
hr  fotkrwiaf  ^c  oeek  np  stnsm.  aocoe  btaduqnds  were 
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a  much  larger  size  than  at  Moscow,  or  at  .any  of  the  other  outcrops 
at  Bethany,  with  the  possible  exception  of  B9.  Many  of  the  shells 
of  this  species  have  parasites  attached  to  them.  Among  these  para- 
sites occur  three  species  of  bryozoans,  worm  tubes,  and  an  inarticu- 
late brachiopod.  Below  this  layer  rich  in  brachiopods,  the  shale  is 
comparatively  free  from  fossils.  A  few  specimens  of  Pleurodictyum 
stylopora  were  the  only  fossils  obtained  here  by  the  writer. 

B6  is  situated  on  the  roadside  between  the  tile  factory  and  the 
station.  It  is  an  outcrop  of  a  hard,  black  shale,  lying  quite  a  little 
higher  than  either  B5,  B7,  or  B9.  but  whether  it  is  above  the  Encrinal 
limestone,  the  writer  was  unable  to  determine.  This  outcrop  was 
quite  small  and  comparatively  unimportant. 

B7  marks  a  number  of  exposures  along  th6  banks  of  White  Creek, 
a  short  distance  southeast  of  East  Bethany.  This  locality  afforded 
corals,  brachiopods,  etc.  Monroe*  reports  finding  Goniatites  in  pyrite 
nodules  at  this  place,  but  none  was  secured  by  the  writer. 

B8  is  located  a  mile  and  a  half  west  of  B4,  at  the  point  where  a 
small  tributary  of  Tonawanda  Creek  runs  near  the  track.  Along 
the  banks  of  the  tributary  are  piles  of  weathered  shale  in  which 
quantities  of  bryozoans,  corals,  and  gastropods  were  found.  Just 
west  of  here  where  the  road  crosses  the  track,  a  cut  affords  a  good 
exposure  of  a  black  laminated  shale  similar  to  certain  upper  layers 
at  Moscow,  which  is  practically  barren  of  fossils,  but  on  top  of  this, 
is  a  thin  layer  in  which  some  large  brachiopods  were  found.  The 
shale  near  the  brook  does  not  appear  to  be  in  situ,  and  probably 
was  brought  there  at  the  time  the  railroad  was  built,  from  a  small 
cut  just  east  of  its  present  position,  where  a  similar  shale  is  found. 
The  Encrinal  limestone  is  exposed  in  the  bed  of  this  brook,  with  a 
moderate  dip  towards  the  west.  This  would  determine  both  the 
black  and  the  fossiliferous  shales  to  belong  to  the  upper  group,  or 
Moscow  shale.  While  these  beds  are  much  lower  topographically 
than  those  at  B4,  they  are  undoubtedly  higher  geologically. 

B9  is  found  by  following  White  Creek  up  stream  from  near  the 
tile  factory,  to  several  exposures  where  brachiopods  abound.  As 
might  be  expected  from  the  proximity  of  their  location,  the  fossils 
found  at  these  outcrops  are  similar  to  those  of  B5.  These  outcrops 
appear  to  be  the  upper  portions  of  the  beds  whose  base  is  exposed 
in  the  clay  pit  at  B5. 

WiNDOM  is  situated  about  8  miles  southeast  of  the  business  center 

•  Bull.  Wis.  Nat.  Hist.  Soc..  Vol.  a,  p.  57. 
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of  Buffalo,  Near  the  railway  bridge  the  Encrinal  limestone  is  ex-  1 
posed  with  both  the  Moscow  and  Hamilton  shales.  All  tnay  also  bo  i 
seen  along  the  banks  of  the  South  Branch  of  Smokes  Creek.  Between'  J 
the  railroad  and  the  creek,  large  pUes  of  weathered  shale  and  blockS-l 
of  limestone  are  to  be  found  in  which  fossils  are  abundant.  Brachio- 
pods  and  corals  are  the  predominating  fossils,  and  a  fine  series  of  well  I 
preserved  specimens  was  collected,  but  as  most  of  them  came  from  I 
the  dump  piles  or  talus,  they  are  of  little  value  in  determining  the  i 
distribution  of  the  species  in  the  three  horizons. 

After  the  identification  of   this  material,  the  various  species  were  I 
tabulated  to  see  if   the  geological   position  of  B5.  B6,  B7.  and   B9'J 
in  relation  to  the  Encrinal  limestone  could  be  determined.     Upon  I 
comparison  of  these  faunas  with  those  of   Moscow,  B4,  and   B8.  it  I 
was  not  only  found  impossible  to  determine  the  position  of  the  un-  J 
known  faunas,  but  also  it  was  found  that  the  Moscow  fauna  did  not  J 
bear  the  relation  to  those  of  B4  and  B8,  that  might  l>e  expected.   In  I 
order  to  make  the  range  of  localities  and  faunas  .studied  as  complete  \ 
as  possible,  published  lists  of  Hamilton  fossils  by  various  authors 
from  other  localities  were  referred  to  and  mention  of  any  of  the  species 
collected  by  the  present  writer  noted.     Itwasthen  found  by  astudy  of 
the  table,  that  while  at  difierent  localities,  the  faunas  could  readily 
be  separated  ioto  "apper"  and  "lower,"  on  correlating  the  iocalitieav  ^ 
these  di^tinctioIls  could  not  lie  maintained       Thus  Anhi-ora  !crfens 
occurs  at  Bethany  in  both  the  Moscow  and  Hamilton  beds,  while  at 
Thedford  it  is  only  rejiorted  from    the    Moscow,  at   Eighteen  Mile 
Creek  only  from  the  Hamilton,  and    at  Cayuga    Lake,  from   both. 
The  two  sjiccics  of  Crnspcdcfhyllnm  are  not  reported  below  the  Encri- 
nal limestone  at  cither  of    the  other  localities,  ijut  at    Bethany   C. 
<tnhi(ii:i  is  very  aUundant  all  throuj,'h  the  series,  and  C.  siibcerspilosiim 
is  found  only  in  the  Hamilton.     Favosilcs  arf^iis  is  reported  only  from 
the  Moscow  at  Cayu};a  Lake,  and  only  from  the  Hamilton  at  Eight- 
een Mile  Creek,  but  at    Ik-thany  il  is  found    in  both  layers.      Slrcp- 
li-liisiiui  rciliiiii  is  re|")rled  as  extending  through  the  series,  and  is  so 
found  al  Bethany,  but  the  allied  species  5,  luii^iilii  has  been  rejxjrted 
only  from  the  Mrjse.iw.      At   Bethany,  however,  it  is  found  in  both 
the  Moscow  anrl  Hamilton.     The  same  may  be  said  of  Rbipidonielhi 
-.■ii II II  \ cm i  anil  A',  fvin-lofc.     They  are  both  found  through  the  series 
at  Hethnny,  liut  while  the  lormcr  is  so  reiiorted.  the  latter  is  reported 
only  Irom  the  Mosrow.     5/ni/'/;c<ii /<>);/<(  <oiu.n-'i  is  reported  only  from 
aliove    the    Kniriiial   limei-tone   at  Tliedlnrd   and    Cayuga   Lake,   and 
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only  in  and  below  the  Encrinal  limestone  at  Eighteen  Mile  Creek, 
but  at  Bethany  it  occurs  both  above  and  below.  Stropheodonta 
demissa  is  found  throughout  the  series  at  Bethany,  and  also  at  Thed- 
ford,  but  at  Eighteen  Mile  Creek  it  is  reported  in  the  Encrinal  bed 
and  below,  and  at  Cayuga  Lake  only  in  the  Hamilton.  Tropidoleptus 
carinatus  is  found  through  the  series  at  both  Bethany  and  Cayuga 
Lake,  but  at  Eighteen  Mile  Creek  in  the  Encrinal  limestone  and  be- 
low, and  at  Thedford  only  in  the  Hamilton. 

It  is  of  interest  to  note  that  in  the  Bethany  fauna  the  range  of 
some  species,  e.  g.  Aulopora  serpens  and  Tropidoleptus  carinatus 
corresponds  to  the  Cayuga  Lake  fauna;  that  of  others,  e.  g.  Stroph- 
eodonta demissa,  corresponds  to  the  Thedford  fauna,  and  Stropheodonta 
concava  and  Favosites  argus  have  as  great  a  range  at  Bethany  as  at 
all  the  other  localities  combined.  Hence  it  is  not  safe  to  determine 
the  position  of  isolated  beds,  in  regard  to  the  Encrinal  limestone, 
by  the  composition  of  the  fauna.  A  similar  conclusion  was  reached 
by  Cleland*  in  his  study  of   the  Hamilton   beds  at   Cayuga  Lake. 

The  following  table  represents  the  amount  of  material  collected 
by  the  writer,  with  the  exception  of  the  bryoi^oans  from  "B8.*'  Of 
these  a  large  series,  both  of  species  and  specimens,  was  secured,  but 
as  they  have  not  yet  been  identified,  they  are  not  included.  The 
figures  against  each  species  in  the  table  indicate  the  number  of  speci- 
mens collected  by  the  writer.  The  letters  indicate  that  the  same 
species  have  been  reported  by  other  authors  from  Thedford,  Eighteen 
Mile  Creek,  or  Cayuga  Lake,  and  the  particular  letter  indicates  the 
bed  in  which  they  were  found.  Thus  M,  indicates  Moscow  shale; 
E,  Encrinal  limestone,  and  H,  Hamilton  shale.  The  papers  con- 
sulted for  mention  of  these  species  are  the  following:  Hamilton 
Group  of  Thedford,  Ontario,  by  H.  W.  Shimer  and  A.  W.  Grabau, 
Bull.  Geol.  Soc.  Am.  Vol.  13,  p.  149,  1901;  Geology  and  Paleontology 
of  Eighteen  Mile  Creek  and  the  Lake  Shore  Sections  of  Erie  County, 
by  A.  W.  Grabau,  Bull.  Buffalo  Soc.  Nat.  Sci.  Vol.  VI,  1899;  A 
Study  of  the  Fauna  of  the  Hamilton  Formation  of  the  Cayuga 
Lake  Section  in  Central  New  York,  by  H.  F.  Cleland,  Bull.  206,  U.  S. 
Geological  Survey,  1903. 

♦  Bull.  206,  U.  S.  G.  S.,  p.  Qx. 
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HYPSOCRINUS,    A    NEW  GENUS   OF    CRINOIDS   FROM   THE 

DEVONIAN. 


BY  FRANK  SPRINGER  AND  ARTHUR  W.  SLOCOM. 


Among  the  fossils  collected  by  the  junior  author  from  the  Hamilton 
shales,  at  Bethany,  New  York,  was  a  Crinoid,  which  was  found  in 
the  railway  cut  about  one  and  one  half  miles  west  of  the  station  of 
East  Bethany.  This  locality  is  more  fully  described  in  another 
paper.*  As  this  Crinoid,  a  single  specimen  of  which  was  found,  did 
not  seem  referable  to  any  known  genus,  it  was  submitted  to  the 
senior  author  for  his  opinion,  and  as  a  result  of  his  examination,  it 
was  deemed  advisable  to  describe  and  illustrate  it  under  our  joint 
names.  A  very  pronounced  asymmetry,  marked  by  a  very  unequal 
gibbosity  at  one  side,  induced  at  first  the  suspicion  that  the  specimen 
might  be  abnormal.  But  it  was  found  on  examination  to  be  in  a  re- 
markably fine  state  of  preservation,  the  surface  being  in  perfect  con- 
dition, free  from  matrix,  so  as  to  show  all  its  characters  most  clearly, 
without  any  artificial  cleaning.  Every  suture  was  distinct  and  well 
marked,  so  there  could  be  no  doubt  of  the  exact  arrangement  of  the 
calyx  plates.  This  being  so,  the  question  arose,  if  it  is  an  abnormal 
specimen,  to  what  species  or  genus  does  it,  or  might  it,  belong?  No 
answer  could  be  found  to  this  question,  and  we  have  therefore  con- 
cluded that  the  only  proper  course  is  to  propose  a  new  genus  for  its 
reception.  The  specimen  is  unique,  nothing  at  all  approaching  it 
having  ever  been  found,  to  the  knowledge  of  the  authors,  in  the 
Hamilton  collections  that  have  been  made  at  various  localities  in 
this  countr>%  or  in  equivalent  rocks  in  Europe.  We  hope  that  col- 
lectors will  be  on  the  look-out  for  it  hereafter,  and  that  if  other  speci- 
mens should  come  to  light,  we  may  be  informed  of  the  fact. 

HYPSOCRINUS  gen.  nov. 

('V'f,  high,  x/>tVrr/,  lily.) 

An  inadunate,  monocyclic  Crinoid,  with  two  or  more  compound 
radials.     Basals   five.     Radials   five,   of  which   the   right   posterior, 
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mens  of  this  species,  from  the  same  locality  as  Oehlerfs,  which  show 
them  very  plainly,  not  as  actual  sutures,  but  rather  as  lines  of 
anchylosis.  So  it  is  evidently  a  constant  character.  The  trans- 
verse bisection  of  the  radials  by  the  sutures  represented  by  these 
lines  would  produce  compound  radials  in  the  same  rays  in  which 
they  occur  in  Haplocrinus,  Heterocrinus,  and  similar  forms.  This 
species,  therefore,  represents  a  form  which  in  its  younger  stage  would 
have  fallen  into  the  same  group  of  irregular  crinoids  as  our  genus, 
but  in  which,  by  growth  during  life,  the  compound  radials  were 
eliminated,  and  the  Crinoid  modified  into  a  regular  form.  Phimo- 
crinus  has  straight  radial  facets,  filling  the  entire  distal  face  of  the 
radials,  and  the  arms  articulate  on  a  linear  hinge  line. 

Hypsocrinus  fieldi  sp.  nov.  PI.  LXXXI,  Figs.   1-6. 

Calyx  elongate,  cylindrical,  slightly  expanding  to  the  arm  bases. 
Base  truncate;  basal  facet  broad,  slightly  concave,  entirely  filled  by 
the  column;  axial  canal  stellate  or  pentagonal,  interradial  in  posi- 
tion. Basals  very  elongate,  forming  two-fifths  to  half  the  height 
of  the  cup.  Radials,  three  large  and  two  small,  all  arm-bearing; 
the  two  smaller  ones  short,  wider  than  high,  separated  from  the 
basals  by  three  much  more  elongate  infer-radials,  one  of  which  is 
directly  beneath  the  right  posterior  radial,  and  represents  the 
radianal;  the  other  two  are  for  the  most  part  directly  under  the 
right  anterior  radial,  whose  lower  margin  meets  them  by  an  obtuse 
angle,  but  in  part  obliquely  under  the  left  lower  comer  of  the 
anterior  radial,  meeting  it  by  a  curved  suture;  the  other  three 
radials  are  large  and  elongate  plates.  Arm  facets  very  shallow, 
curved,  not  entirely  filling  the  distal  face  of  the  radials,  but  leaving 
short,  sloping  shoulders  between,  which  are  rounded  off  exteriorly, 
but  probably  formed  a  support  for  oral  plates  in  the  tegmen.  Arms 
simple,  uniserial,  tapering  rapidly,  and  doubtless  very  short.  No 
trace  of  a  dorsal  canal  in  radials  or  brachials.  Anal  structures  and 
tegmen  unknown.  Surface  smooth;  calyx  plates  slightly  rounded, 
and  sutures  distinct.  Stem  unknown ;  but  it  was  large  at  the  proxi- 
mal end,  as  the  radiate  markings  of  its  articulation  are  visible  to  the 
edge  of  the  basal  facet. 

Horizon  and  Locality.  Devonian;  Hamilton  group.  Found  near 
East  Bethany,  New  York. 

The  specific  name  is  in  memory  of  Marshall  Field,  the  founder  of 
the  Field  Columbian  Museum,  where  the  type  specimen  is  deposited. 

Remarks.  In  the  foregoing  description  we  have  found  it  neces- 
sary to  guard  against  the  insertion  of  some  details,  which  are  appar- 
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ent  enough  in  the  figures,  but  which  may  possibly  be  due  to  indivi- 
dual variation,  or  abnormal  development.  The  form  and  distribu- 
tion of  the  compound  radials  differ  from  those  observed  in  any  of 
the  other  genera  of  this  group  in  the  presence  of  two  large  plates 
underneath  the  superior  part  of  one  radial,  so  that  we  have  appar- 
ently three  infer- radials,  with  only  two  super-radials.  The  space 
occupied  by  one  of  these  in  the  calyx  wall  is  enough  to  account  for 
the  lateral  bulging  which  gives  its  unsymmetrical  form.  Having 
but  the  one  specimen,  we  cannot  tell  whether  this  feature  is  constant 
or  not,  and  the  specific  and  generic  definitions  do  not  depend  upon 
it.  As  asymmetry  is  a  frequent  character  in  this  group,  however, 
there  is  no  inherent  improbability  that  the  same  construction  will 
be  seen  in  other  specimens,  if  such  are  found.  We  give  for  compar-  ^  | 
ison  diagrams  of  Pisocrivtts  and  Haplocrintis,  the  two  genera  nearest^^f 
related  to  this  structurally,  (PI.  LXXXI,  Pigs.  7  and  8).  ^H 

Pisocrinus  has  two  short  super-radials,  which  rest  upon  one  large 
infer-radial  in  common.  Hciplocrinus  has  three  short  super-radials 
each  with  its  corresponding  infer-radial.  Our  crinoid  has  two  short 
super-radials,  one  connected  by  a  transverse  suture  with  its  infer- 
radial,  while  the  other  is  angular  below,  and  meets  the  upper  sloping 
faces  of  the  two  infer- radials.  If  now  we  examine  the  diagram  of 
Haplocrinus  (Pig.  S)  we  wilt  see  that  the  right  anterior  Buper-radial  i^H 
is  iinjni'ar  below,  and  meets  by  one  side  an  upper  sloping  face  of  the 
infcr-raiiial  below  it,  anil  by  Lho  other  a  L-orrcsjiondinj;  sloyiinj;  face 
of  llic  anlcriiir  radiiil,  whicli  is  one  of  the  two  largest  jiliites  in  the 
i^ilvx.  If  ;i  porliiin  of  this  ^interior  radial  were  cut  off  by  a  curving 
sut\in-,  as  inrli.alfd  by  the  dotled  line  in  the  iliaKnmi.  it  would  give 
;i  (■iTislniclmn  suh-.t,inh:dly  llic  same  as  thai  of  our  genus  in  this 
rfs|i('.l.  vi/,.  Iwii  ■-liorl  MiiHT-railials  su]i]ji)rlcd  by  three  infer-radials. 
Ill  \  icw  ni  ilir  nihir  iiron'mnccd  (lilTercnces  in  the  composition  of 
the  i.ilvx,  mhIi  -.1  m<"lih<;tliun  of  the  radial  structure  of  Haplo<ri,!US 


vll  li;. 


]i!:lIcs  have  fallen  in  over  llic  summit  of  the  cup, 
uil.  Thi'v  arc  rcsiDri'il  to  position  in  the  diagram 
hrathi.il  <jf  tlif  left  posterior  ray  is  wanting,  but 
alcd  l.v  . lulled  lines.  It  will  be  observed  that 
r;iih,il  lias  a  stnaller  laect,  and  bears  a  smaller 
It  i-.  ]iriilialile  that  the  arms  were  very  short. 
Iiraihials  tli.ni  remain  in  the  riyht  anterior  ray. 
i.ikitoly  lerlain  lliat  t)ie  i.rientalinn  of  the  calyx 
t,  re-  we  dn  110I  kunw  the  positiun  of  the  anus. 
,   We   kniiw  nf   Ihe   relative   |>iisilions  of  the  com- 
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pound  radials  in  Pisocrinus  and  Haplocrinus,  and  we  see  no  reason 
for  thinking  any  other  arrangement  preferable.  A  peculiar  fact, 
which  we  have  also  omitted  from  the  specific  description,  is  that 
the  posterior  basal  is  much  larger  than  any  of  the  others,  and  is  en- 
larged in  such  a  way  as  to  be  actually  radial  in  position,  instead  of 
inter-radial,  as  basals  normally  are. 

We  have  not  been  able  to  ascertain  anything  of  the  construction 
of  the  tegmen.  We  attempted  to  remove  some  of  the  overlying 
brachial  plates  for  that  purpose,  but  they  were  found  to  be  so  finnly 
cemented  by  pressure,  that  the  only  result  was  fracture  of  these 
plates  along  the  cleavage  planes  of  the  calcite,  without  revealing  the 
structures  underneath.  The  tegmen  is  clearly  not  an  elevated  pyra- 
mid like  that  of  Haplocrintis,  but  beyond  this,  no  opinion  can  be 
ventured  with  our  present  knowledge. 


PiK 


^ 


EXPLANATION  OF  PLATE  LXXXL 

HvPSOCRtKUS   PiBLDt,  O.  Sp. 

I.  Lateral  view  of  calyx,  from  right  posterior  rsy. 
i.  Same,  from  right  anterior  ray, 

3,  Same,  from  anterior  ray, 

4,  Same,  from  left  anterior  ray. 
$.  Same,  from  left  posterior  ray. 

In  these  figures  the  remains  of  the  brachial  plates  are  seea 
lying  upon  the  summit  of  the  calyx  in  an  apparently  confused 
mass,  but  they  are  mostly  in  their  proper  relative  positions, 
and  can  with  reasonable  certainty  be  restored.  All  figures 
x%. 

6,  Diagrammatic  view  of  calyx  plates,  with  brachials  arranged 
in  natural  order;  the  first  brachial  of  the  left  posterior  ray 
ia  missing,  but  is  restored  in  dotted  lines.  The  rays  are  num- 
bered from  the  right  posterior  toward  the  right,  and  for  con- 
venience "f  comparison,  these  numbers,  —  as  well  as  a  series 
of  numbers  for  the  basals,  —  are  carried  into  the  accom- 
panying figures. 

7,  Diagram  of  calyx  of  Pisocrinus  (after  Bather). 

5,  Diagram  of  calyx  of  Haptocrmus  (after  Bather). 
(Explanation   of    lettering  on  figures:    RA=radianal:    Rs= 
super-radial  ;     Ri  =  infer-radiat  :    PB=posterior  basal  :     X  = 
anal  j>late.) 
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NEW   CRINOIDS   FROM   THE   CHICAGO   AREA. 


BY  ARTHUR  WARE  SLOCOM 


In  the  fall  of  1905  the  attention  of  the  writer  was  called  to  the  fact 
that  fossils  were  being  found  at  a  quarry  operated  by  the  Illinois  Steel 
Company  for  limestone  for  flux,  at  Romeo,  Illinois.  Upon  visiting  the 
quarry  it  was  found  that  not  only  was  the  limestone  itself  fossilferous, 
but  that  silicified  fossils  were  abundant  near  the  bottom  of  large 
clay  pockets  which  were  exposed  at  various  places  in  the  quarry. 
These  clay  pockets  occupy  large,  irregular  shaped  cavities  in  the  lime- 
stone. The  larger  ones  are  1 5  or  more  feet  deep  and  their  width  is 
often  greater  than  their  depth.  In  some  instances  several  are  connected, 
their  connections  following  the  jointing  of  the  limestone.  These 
cavities,  or  "pot-holes"  as  they  are  sometimes  called,  often  associated 
with  furrows,  are  to  be  seen  in  many  places  along  the  Chicago  Drainage 
Canal  where  the  surface  of  the  rock  is  exposed.  The  cavities  var}-  in 
size  from  a  fraction  of  an  inch  in  depth  to  those  mentioned  above. 
These  cavities  or  pot-holes  must  have  been  in  part  subjected  to  the 
action  of  running  water  since  their  sides  are  smooth.  They  are  fre- 
quently broader  at  the  base  than  above  and  may  even  be  cone-shaped, 
with  the  apex  of  the  cone  above.  Their  filling  is  for  the  most  part 
a  blue  homogeneous  clay.  This  contains  small  silicified  fossils  of  Xiag- 
aran  age,  small,  modem,  fresh-water  shells  and  fragments  of  pyritized 
and  charred  wood.  No  large  boulders  or  pebbles  occur  in  the  clay, 
although  these  frequently  form  a  capping  of  the  pockets.  The  question 
of  the  origin  of  the  filling  of  the  ])ockets  is  a  matter  of  no  little  interest. 
The  clay  could  not  be  of  preglacial  origin  because  of  its  content  of 
wood  and  modern  shells.  If  of  postglacial  origin,  the  presence  of 
the  Niagaran  fossils  is  difficult  to  account  for.  A  wall  of  the  quarry 
showing  typical  pockets  is  represented  in  Plate  LXXXII.  A  single 
one  in  more  detail  is  represented  in  Plate  LXXXII  I. 

During  the  fall  of  1905  and  the  spring  and  summer  of  the  following 
year,  over  400  fossils  representing  38  species  were  collected  by  the 
writer  from  these  clay  pockets.     These  fossils  were  divided  as  follows: 

Corals 293  specimens,    1 5  species; 

Sponges 20  specimens,      3  species; 

Bryozoans 12  specimens,      4  species; 
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Cnnoids ai  specimens,      7  species; 

Brachiopods 96  specimens,      9  species; 

Trilobite i  fragment. 

Of  this  material  the  corals,  sponges  and  cnnoids  showed  a  grtat  simi' 
larity  to  those  found  at  St.  Paul,  Indiana,  and  PerT\-  county,  Tennessee, 
and  a  number  of  species  described  from  those  localities  were  recognized. 
It  was  found  that  the  manner  of  preservation  of  the  clay  pocket  fossils 
differed  from  that  usual  to  those  of  the  limestones  of  the  Chicago 
Area  in  that  the  latter  are  natural  casts  and  molds, while  the  clay-pocket 
fossils  are  silicified.  Search  in  the  surrounding  limestone  at  Romeo 
failed  to  show  similarly  preserved  fossils  in  place  there  and  only  a  few  of 
the  c]ay-]>ocket  species  were  discovered.  The  spoil  heaps  of  the  Chicago 
Drainage  Canal  were  then  studied  and  near  Lemont,  Ilhnois,  the  species 
found  in  the  clay  began  to  appear,  until  all  the  brachiopods  and  part 
of  the  corals  were  found.  Many  of  these  were  in  a  similar  state  of 
preservation  to  those  of  the  day  pockets.  Of  the  seven  species  of 
cnnoids  occurring  in  the  clay  three  were  found  in  the  Lemont  limestone 
and  three  more  were  represented  by  species  of  the  same  genera.  Over 
400  fossils,  representing  76  species,  were  collected  at  this  locality, 
divided  as  follows: 

^      Sponges 3  specimens,     1  species; 

—    Corals 40  specimens,     6  species 

Cvstoids 62  specimens,     6  species: 

Crinoids 14Q  specimens.  32    species; 

Hrvozoans. ... 10  specimens.     6  species; 

Brachiopods   . 62    specimens,   1 1    species ; 

Mullusis g  specimens.     5  species; 

Triloliitus .,    82  specimens,     9  sjjecies; 

The  fmdinji  of  these  silicified  corals  and  brachiopods  at  Lemont 
identical  with  those  oci'urriiig  in  the  clay  pockets,  left  little  room  for 
donlit  that  the  chiy  and  fossils  found  in  it  were  residual  from  the 
Niajjaran  limestone,  and  that  they  had  been  transported  to  Romeo  from 
the  Lemont  Area.  The  Romeo  quarry  is  <!islant  about  five  miles  in  a 
southwesterly  direction  from  the  ]ioint  near  Lemont  where  the  cor- 
responding fossils  were  found.  Both  localities  are  in  the  valley  known 
as  the  Chicago  Outlet,  through  which  the  waters  which  occupied  the 
basin  of  Lake  Michigan  at  the  close  of  the  glacial  period  discharged 
into  tJie  Mississippi  River.  The  flow  of  these  waters  would  have  been 
sufficient  to  transport  material  like  that  described  from  Lemont  to 
Romeo,  although  the  period  and  exact  circumstances  of  this  deposition 
have  not  as  vet  been  determined.  The  silt-like  nature  of  the  deposit 
in  the  clay  pockets  shows  that  it  occurred  in  quiet  waters. 
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Among  the  crinoids  collected  in  this  work  several  proved  to  be 
either  hitherto  undescribed  or  new  to  the  Area.  Of  these  five  had  been 
described  from  other  localities  and  nine  were  new  species.  Of  three  spe- 
cies previously  described  by  other  authors,  additional  characters,  which 
are  here  given,  were  obtained  from  specimens  found  by  the  writer. 
The  nine  new  species  are  here  described  and  five  species  previously 
described  from  other  localities  are  here  re-described.  A  total  of  seven- 
teen species  of  crinoids  is  therefore  described  in  the  present  paper. 


CLASSIFICATION   AND  TERMINOLOGY 

The  classification  here  used  is  that  prepared  by  Wachsmuth  and 
Springer  and  is  substantially  that  given  in  the  English  edition  of 
Zittel's  Text-book  of  Paleontology- .  The  terminology  of  Wachsmuth 
and  Springer  is  also  adhered  to.     It  may  be  briefly  stated  as  follows: 

Crinoid:  A  normal  crinoid  consists  of  a  crown  attached  by  its 
dorsal  extremitv  or  base  to  a  stem  or  column  which  is  fixed  to  some 
solid  body  bv  a  root. 

Crown:  All  of  the  crinoid  above  the  stem.  It  includes  the  calvx 
and  the  arms. 

Calyx:  The  body  of  the  crinoid  without  the  free  arms  or  stem. 
It  incudes  the  dorsal  cup  and  ventral  disc  or  tegmen,  and  within  it  are 
enclosed  the  more  important  organs  of  the  body. 

Dorsal  Cup:  That  part  of  the  calyx  below  the  point  of  attachment 
uf  ihe  free  arms.  It  is  usually  more  or  less  cup-shaped  and  is  composed 
of  two  or  more  rows  of  plates  having  a  more  or  less  complete  pentamer- 
oussvmmetrs'. 

Ventral  DisCy  Tegmen,  Dome,  etc.:  That  part  of  the  calyx  above  the 
point  of  attachment  of  the  free  arms.  It  is  made  up  of  plates  more  or 
less  regularly  arranged  and  contains  the  mouth  and  usually  the  anal 
opening. 

Base:  That  part  of  the  dorsal  cup  lying  between  the  radial  plates 
and  the  stem.  It  consists  of  a  single  row  of  plates,  the  basals,  in  a 
monocyclic  base,  and  of  two  rows  of  plates,  the  basals  and  infrabasals, 
in  a  dicvclic  base. 

Rays  or  Brachials:  The  series  of  plates  which  rests  upon  the  basals 
and  extends  up  to  and  forms  the  arms.  The  first  plate  of  the  series 
is  always  a  part  of  the  dorsal  cup,  the  others  may  or  may  not  be  a  part 
of  the  cup.  There  are  five  of  these  rays,  except  in  the  Zophocrinidae, 
and  they  are  designated  as  follows:  (Figs,  i  and  2)  (i)  right  posterior 
ray,  (2)  right  anterior  ray,  (3)  anterior  ray,  (4)  lejt  anterior  ray,  and  (5) 
lejt  posterior  ray. 


^ 
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I nlcrbrachuil  areas  (1  Br.*):  The  plates  in  camerate  crinoids  si&>^ 
iiated  between  the  rays. 

AiutloT  posterior  interradius  (X.  a.  a.):  The  area  situated  between  J 
the  right  and  left  posterior  rays  and  leading  up  to  the  anal  opening. 

Basals  (B):  The  circle  of  plates  directly  below  the  radials  and  altera  J 
nating  with  them.     In  a  monocyclic  base  they  join  the  column. 

Injrabasals  (I  B):  The  first  row  of  plates  in  a  dicyclic  base.  Th^  \ 
separate  the  basals  from  the  column  and  are  radial  in  position. 


HoJials  (R) :  The  first  pliitc  of  <.-auh  ray,  usually  resting  on  the  ba- 
sals. In  some  families  part  of  the  radials  are  divided  horizontally.  The 
].arts  of  these  plates  are  called  supcrro.Hals  (Rs)  and  iiijerradiah  (Ri). 
respectively. 

Coilah  (C) :  Those  plates  of  cadi  ray  cxteiiiling  from  the  radials,  on 
which   they   rest,   up   to   the   first   hifun-ation, 

Disliduih  (D):  All  plates  of  i-nch  raybetwei 
liifunation. 

['.timers  (P):  All  plates  of  each  ray  lictwec 
fiifurcation.  Any  plates  of  a  hi^^hcr  order  tha 
piilmi'rs. 


he 

first  and 

second. 

,1! 

second  an 

d  third 

.OS 

c  arc  calk 
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Interdistichals  (I  D) :  Any  plates  situated  between  the  distichals. 

Anal  Plate  pC)',  First  plate  of  the  anal  interradius.  It  often  rests 
upon  the  posterior  basal   and   is  in  line  with  radials  or  nearly  so. 

Interbrachials  or  interradials  (I  Br) :  Any  plates  of  the  interbrachial 
areas. 

Radianal  (RA) :  A  plate  resting  within  the  angle  formed  by  two 
basals  and  below  the  right  posterior  radial  plate.  It  joins  the  anal 
plate  on  the  left  and  occupies  the  position  of  an  inferradial. 

Distal:  Farthest  from  the  stem. 

Proximal:  Nearest  to  the  stem. 

Lateral:  Pertaining  to  the  side. 
Authors  differ  widely  in  the  use  of  the  terms** mold,"  "cast"  and  "  im- 
pression,"  but  as  used  in  this  paper  they  may  be  defined  as  follows: 

Natural  mold:  A  matrix  or  cavity  in  the  rock,  formed,  by  natural 
causes,  around  an  organism  when  the  rock  was  plastic.  The  external 
form   of   the   organism   is   thus   preserved. 

Natural  cast:  The  rock  filling  of  the  internal  or  visceral  cavity  of 
an  organism,  the  shell  of  the  organism  having  served  as  a  mold.  In 
many  cases  (see  Plate  LXXXIV,  Figs,  3  and  10)  the  shell  is  afterwards 
dissolved  out,  leaving  the  mold  and  cast  in  position.  In  such  cases  the 
space  between  the  two  indicates  the  thickness  of  the  shell. 

Impression:  An  artificial  cast,  made  in  a  natural  mold,  which  shows 
the  external  features  of  the  organism. 

In  the  following  descriptions  three  materials  are  referred  to  as  being 
used  for  making  impressions,  viz. :  plaster,  roller  composition,  referred 
to  as  "composition,"  and  vulcanized  rubber,  referred  to  as  "rubber." 
The  methods  of  making  impressions  from  the  two  latter  substances 
have  been  previously  described  by  the  writer.*  In  addition  to  the 
details  there  given  it  may  be  remarked  that  in  niany  cases  the  shape 
and  position  of  the  mold  in  the  rock  is  such  that  it  is  difficult  to  keep  the 
rubber  in  place  while  vulcanizing.  In  such  cases  it  is  necessary  to  build 
a  retaining  wall  of  plaster,  or  to  cement  a  metal  ring  around  the  open- 
ing of  the  mold;  this  ]jrevents  the  rubber  from  spreading  when  the 
pressure  is  applied  with  the  clamp,  and  a  perfect  impression  is  assured. 

♦  Science,  1907,  X.  S.  Vol.  XXV'.  p.  5Q1. 
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DESCRIPTION   OF  GENERA   AND   SPECIES. 

Order   I.     LARVIFORMIA. 

FamUy  PISOCRIMD,^. 

PISOCRINUS  De  ICoiiik. 

No  members  of  this  genus  have  hitherto  been  reported  from  this 
Area.     Representatives  of  three  species.  P.  beneduti,  P.  gemmijortnis 
and  P.  quinquelobus  were  found  by  the  writer.     The  generic  characters 
are  as  follows:   CahTt  small, 
(jLi  globular,  subconical  or  sub- 

cylindrical.  Facets  for  the 
attachment  of  the  arms  wide. 
angularand  projecting  limbs 
of  the  radials  short. 

Basals  five,  forming  a  tri- 
angle.    The  three  plates  sit- 
FiB.  3,   Diagtaii.  oi  FJj.'T.i'ii..    (Aiitr  B.irhcr).  uated  at   the  anglcs  larger 

than  the  other  two.  Radials 
five,  eoctremely  irregular,  only  the  left  poBterior  and  anterior  radials  ! 
in  contact  with  the  hasals.  These  are  more  than  twice  the  size  of  the 
other  radiak.  The  left  anterior  radial  is  angular  below,  resting  on  the 
lateral  edges  of  the  two  large  radials.  The  right  posterior  and  right 
anterior  radials  rest  upon  a  large  inferradial  whicli  separates  them  from 
the  basal  ])lates.  Notwithstanding  the  great  ditTcrence  in  size  of  the 
radials,  their  distal  edges  arc  about  equal,  .\nal  plate  rests  on  the 
]>n)((.'sscs  of  the  posterior  radials. 

Arms  neither  Ijranchcd  nor  j>innulate. 


FiSOCRi.vus  11E.M.MIF0HMTS     S.  A.  MiUcr,  Plate  LXXXIV.  Figs.  1-4. 
1879.  P.   jicminijoniiis      S.   A.  M.,  Jour.   Cincin.  Soc.  Xat.  Hist. 

Vol.  2.  p.  113,  PI.  9.  Figs.  6a-c.  Osgood.  Ind. 
18H6.  P.  gcmmijormis       Wachsmnth  &    Springer,    Rev.   Palasocr. 

Pt.  Ill,  p.  184. 
1892,  P.  i^eiiuuijormis      S.  A.    M.,    i;th    Rcpt.    Geo!.    Surv.    Ind. 

p,  636,  PI.  VI,  Figs,  10    12.  Madison,  Ind. 
Calyx  globular,  depressed  at  the  base:    plates  thick,  sutures  in- 
distinct, surface  smooth  or  finely  granular. 

Basal  plates  five,  forming  a  nearly  equilateral  triangle  and  curving 
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into  the  433831  cavity.  The  three  plates  at  the  angles  are  larger  than 
the  other  two.  The  basal  triangle  is  followed  by  three  large  plates 
which  comprise  the  principal  part  of  the  calyx.  These  are  the  an- 
terior and  left  posterior  radials  and  an  inferradial  plate.  The  left 
posterior  radial  rests  upon  two  basals,  the  other  two  plates  rest  upon 
three.  The  other  three  radials  are  small,  angular  below  and  are  not 
in  contact  with  the  basals;  the  left  anterior  radial  rests  upon  the 
sloping  sides  of  the  adjoining  radials,  and  the  right  posterior  and 
right  anterior  radials  each  rest,  one  side  upon  the  inferradial  and  one 
side  upon  the  adjoining  radial.  The  distal  edges  of  the  radials  are 
provided  with  short  processes  at  their  juncture  with  the  lateral  edges 
which  form  a  wide,  shallow,  angular  excavation  for  the  attachment 
of  the  arms. 

Arms  not  preserved. 

Owing  to  the  thickness  of  the  plates,  the  natural  casts  of  this  genus 
bear  little  resemblance  to  the  exterior  of  the  calyces.  The  natural  casts 
of  this  species  are  in  the  form  of  a  triangular  pyramid ,  truncated  by  a 
cylinder.  The  base  of  the  pyramid  is  nearly  flat  and  is  formed  by  the 
inner  surfaces  of  the  basal  plates.  One  face  of  the  pyramid  is  formed 
by  the  inferradial  plate  and  the  other  two  by  the  lower  part  of  the 
large  radials.  The  cylinder  is  formed  by  the  three  small  radials  together 
with  the  upper  part  of  the  two  larger  ones. 

The  distinguishing  characteristics  of  the  exterior  of  the  calyx  of 
this  species  are  its  globular  form,  with  its  depressed  base,  gradually 
curving  into  the  facet  for  the  attachment  of  the  stem.  The  casts  are 
distinguished  by  the  triangular  pyramid  at  its  base. 

Locality:  This  species  is  comparatively  abundant  in  the  clay 
pockets  in  the  limestone  at  Romeo,  Illinois,  where  it  occurs  as  silici- 
fied  specimens  which  appear  to  be  identical  with  those  of  the  type 
locality.  In  the  spoil  heaps  along  the  Chicago  Drainage  Canal  near 
Lemont,  Illinois,  it  is  one  of  the  most  abundant  crinoids  in  the  form  of 
natural  molds  and  casts,  and  a  single  silicified  specimen  was  found 
there. 

PisocRiNUS  BENEDicTi     S.  A.  Miller,  Plate  LXXX IV,  Figurcs  8-1 1. 

1892.  P.  henedicii     S.  A.  M.,  17th  Rept.  Geol.  Surv.  Ind.,  p.  639, 

PI.  VI,  Figs.  3-16. 

Calyx  deeply  cup-shaped,  moderately  expanding  to  the  upper 
third,  rounded  at  the  base  and  slightly  constricted  at  the  top;  plates 
thick,  surface  smooth  or  finely  granular. 

The  plates  of  the  calyx  are  the  same  in  number  and  position  as 
in  P,  gemmijormisy  but  the  basals  are  larger  than  in  that  species,  so  as 
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to  be  visible  in  a  side  view  of  the  calyx,  and  tlie  two  large  radials  and 
the  inferriidials  are  longer  in  proportion  to  their  width,  making  the 
calyx  higher  than  wide.  The  rounder  base  is  provided  with  a  deep 
basal  cavity  whose  sides  are  subparallel. 

The  natural  casts  are  subcylindrical.  moderately  expanding  to  thc'l 
arm  basies.  The  base  is  flat,  having  three  slight  protuberances  which  i 
give  it  a  eubtriangular  appearance  from  below. 

The  specimens  here  described  appear  to  be  more  cup-shaped  than  I 
Miller's  original  figures  indicate,  and  no  mention  is  made  by  him  of  the  I 
abnii>t  margin  of  the  basal  cavitj'.  Examination  of  several  hundred  I 
specimens  of  this  species,  from  the  type  locahty,  shows  these  features,! 
to  be  characteristic  and  those  which  most  easily  distinguish  thisf 
species  from  P.  gemmifnrmis 

Locality:  The  specimens  (Mus.  No.  P  8481),  consisting  of  naturalJ 
molds  and  casts  on  which  the  above  description  is  based ,  were  collected  J 
by  the  writer  in  the  spoil  heaps  of  the  Chicago  Drainage  Canal  neaf  J 
Lemont,  Illinois.  A  single  incomplete  individual  from  the  clay  pocketS- 1 
nt  Romeo,  Illinois,  is  doubtfully  referred  to  this  species. 

PisocRiNus  QuiNQUKLOBUs  Bather.  Plate  LXXXIV.  Figures  5-7, 
iRqj.  P.  quinquelobiis  Bather,  Crinoidea  of  Gotland,  Part  I.  p.  ajj 
^      1895. >.  miUigani  Miller  Sc  Gurley,  Bull.  7  Ills.  St.  Mus.  p.  80,  ^" 

V,  Fiffs.  J7,.R. 

i«()6.   /■■,  qiiiiiipi^-lobus     Bather,    Am.    Geol,.    Vnl.   XVII.  p.    1S4. 

Bather's  description  is  as  follow.^;:    "Dorsal  cup  low;   pentagonal 

aK  seen  from  ventral  surface,  the  angles  of  the  pentagon  being  radial  in 
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,  the  radial  proces.scs  corre- 
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tion.  There  seems  to  be  no  reason  to  doubt  that  they  are  specifically 
identical  with  the  specimens  from  Tennessee  on  which  the  original 
description  was  based. 


uuu 


Family  STEPHANOCRINIDArE. 

STEPHAXOCRINUS  Conrad. 

Only  one  species  of  this  genus  has  heretofore  been  recognized  in  the 
Chicago  Area.  Two  new  species  have  been  collected  by  the  writer  and 
are  here  described.  The  generic  characters  are  as  follows :  Basals  three, 
about  equal  in  size,  two  pen- 
tangular, one  quadrangular.  pv  /IfX  /JIX  /ifV  /1(\  /I 
Radials    five,   equal,   resem-       *  ^"^  '  *  '     ^""^ '  '  ■ 

bling  the  forked  plates  of 
some  Blastoids.  These  prongs 
form  interradial  processes, 
and  between  them  are  situ- 
ated the  ambulacral  grooves 
leading  to  the  arms,  which 
rise  from  a  single  axillary 
costal  plate  situated  at  the 
end  of  the  sinus.  Oral  plates  five,  interradial  in  position  and  forming 
most  of  the  ventral  disc.  Thev  are  not  visible  in  a  side  view  of  the 
calyx.  They  join  the  inner  surface  of  the  radial  plates  and  extend  to 
the  top  of  the  interradial  processes.  Their  lateral  edges  are  in  contact 
below  the  ambulacral  grooves,  but  a  space  is  left  for  the  mouth  at  the 
center  of  the  ventral  disc.  The  anus  is  situated  between  the  posterior 
oral  plate  and  the  adjoining  process. 

This  genus  has  been  referred  to  the  Cystoids  and  Blastoids  by  some 
writers,  and  while  it  undoubtedly  has  some  characters  similar  to  both 
it  has  been  shown  to  be  a  Crinoid  by  Wachsmuth  and  Springer  on 
account  of  its  brachial  plates. 


Fig.  4.     IJiajcram  of  Strphanocrinus. 


Stephanocrixus  obcoxicus  s]).  nov.  Plate  LXXXIV,  Figs.  12,  13. 

The  dorsal  cu])  is  obconical,  truncated  at  the  base,  sides  slightly  con- 
vex, forming  an  angle  of  about  30  degrees.  The  surface  of  the  plates 
is  apparently  smooth  or  finely  granulose,  following  the  curve  of  the 
calyx  except  near  the  proximal  end  of  the  basal  plates,  where  they  de- 
velop a  median  ridge  giving  a  triangular  form  to  the  base.  This  ridge 
is  most  prominent  at  the  base  and  rapidly  diminishes,  disappearing 
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altogetho'  before  the  renter  al  tlir  plate  is  reaclt«3.     Satnns  oh^rtnK, 
not  marked  by  grooves. 

Basal  plates  three,  abont  equal  in  size.  Two  are  pentangml&r  and 
one  b  quadrangular.  To^lkcf  the}'  form  an  obcooical  cup  ccmpnst&g 
about  half  ttte  beigfat  of  the  calyx,  triangular  at  the  base  and  cmmlar 
at  the  top.  There  is  a  slight  timilar  deprcsstap  m  t&e  cefiter  of  the 
base  for  the  mreption  of  the  cohimn.  Radial  plates  five,  equal  in 
size  with  the  lateral  edges  produced  into  tnterradial  processes.  Height, 
Bade  from  the  pmcesses.  about  equal  to  that  of  the  basals  The 
characters  (d  the  vault  are  quite  o^tscure.  but  appear  to  correspoad 
with  the  dcv^ptiom  of  the  genus. 

This  speries  is  ba«J  on  a  single  ^lici tied  specimen  ()fu&.  No.  P  &416) 
in  a  fairly  guod  state  of  pirser^'attou.  Its  obconical  form  renders  it  so 
unlike  all  other  species  of  the  genus  thai  cotnparison  «'ith  them  seems 
to  be  superfluous.  The  following  measurements,  in  millimeters,  talsra 
&om  the  type  specimen,  may  be  of  ms^  for  comparison  in  case  Other 
ipecimens  are  found. 

Diameter  at  base.  -       s.^ 

Diameter  at  top  of  basals. 5.5 

Diameter  at  top  of  calyx.  b.4 

Hei^t  of  radials  aside  from  spines. 4-4 

Hdl^t  of  basals.  i;  o 


I 


:  R  ■■ 


vi  <s:-:.  >:     nov,     Flatt  LXXXIV.  Figures  1^-:;=. 
.i,^  :-.  -::-.:::.  :r:,.n.:^:;.r  ^:\^o.      I:  t-x:  .in>i>  rapidlv  10  ike 
^  --  i  -.  .i-rs:t:y  :r-:-i  :ha:  :  ■■;:;:  on.      The  disiai  eiges 

:h  a  svric:^  ■'-  ci-.-^'t ;  t y.z-.ir.tr.:  :i^trlae.  These  striae  are 
e'.-.'"^.'  ;hv  ":  :  er  '.:-,:ct.:'.  :-.r.'S':>  ■  i  tV.e  r-i^iia's.  'lOngiiudinal 
■  :  ;hv  ru'l-..:'.^  :-.'.  :  :  .i>li!~  ..::  :  :r,vrsverse  on  the  lower 
i-u!-.      S-.::u'i--   .-.'f   ■■■-.-'■;■   .-.r. '.   ■.:•.■  r.ol  intemi[U  the 

-  :r.rtt. ,;'-  ■■,;:  ;:u:-.'.  .r.  ^:;e,  ■."■r.e  i:_-j,-i-.;rangular.  rwopent- 
-:r.t-r  :::c-.-  :'  ■—■.  .-.  :'-,:nr.i-!->'~L-;  i-.:  ,■.:;  .  triangular  al  the 
.  :;".;:  v.r-   r,-.-,  :  -.'.■■  :■•  :r.t-  :':-.  .     Ar.  ;-.v.-t:le  angular  ridge 


■e?  about  half  the 
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height  of  the  calyx.  Radials  five,  equal,  sides  slightly  converging 
towards  the  base;  moderately  convex  longitudinally,  so  that  the  ven- 
tral view  of  the  calyx  is  subpentangular.  A  semicircular  excavation 
occupies  nearly  the  entire  distal  edge  of  the  radials,  and  the  processes 
thus  formed  are  rather  short  for  the  genus.  The  costals  are  not  pre- 
served in  the  type  or  any  of  the  specimens  at  hand.  The  inter- 
radials  or  orals  are  large  and  are  not  visible  in  a  side  view;  they 
comprise  the  greater  part  of  the  ventral  disc.  They  extend  to  the  top 
of  the  radial  processes,  and  rest  against  their  inner  faces.  Laterally 
they  connect  with  each  other,  but  leave  a  comparatively  large  round 
opening  for  the  peristome  in  the  center  of  the  disc.  The  deflected 
lateral  edges  form  the  ambulacral  groove  extending  from  the  arm 
bases  to  the  central  opening.  The  anal  opening  is  situated  at  the 
juncture  of  the  posterior  interradial  with  the  processes  of  the  two 
posterior  radials.  None  of  the  plates  which  covered  the  peristome, 
ambulaji^ral  grooves  or  anal  opening  is  preserved. 

The  natural  casts  are  similar  in  form  to  the  exteriors,  but  slightly 
constricted  at  the  arm  bases  and  somewhat  shorter  in  proportion  to 
their  diameter.  The  interradial  processes  are  indicated  by  five  rather 
stout  protuberances  between  which  the  dorsal  cup  curves  gradually 
into  the  convex  ventral  disc.  A  large  circular  protuberance  in  the 
center  of  the  disc  indicates  the  size  and  position  of  the  peristome,  and 
a  small  one  rising  out  of  the  posterior  interradial  process  indicates  the 
anal  opening. 

Dimensions  of  the  type  are  as  follows: 
Natural  mold 

Height  of  calyx, 

Height  of  basals. 

Height  of  radials, 

Height  of  processes. 

Diameter  at  arm  bases,    5.0 

Diameter  at  top  of  basals,  4. 1  **  Diameter  at  top  of  basals,  3.0  ** 
As  to  size,  form  and  pattern  of  ornamentation,  this  species  ap- 
proaches S.  hamnielli  S.  A.  M.  *  and  from  the  original  description  and 
figures  it  would  hardly  be^safe  to  separate  them.  Upon  comparison, 
however,  with  the  types  of  5.  hamnielli,  which  are  in  the  paleontological 
collections  of  the  University  of  Chicago,  the  ornamentation  of  the 
plates  was  found  to  be  so  much  more  prominent  in  the  specimens  here 
described  as  to  warrant  specific  distinction.  The  striations  in  both 
species  are  so  grouped  as  to  form  geometric  figures.     For  instance,  the 

longitudinal  striae  on  the  right  posterior  radial  and  the  basal  on  which 
*  17th  Rept.  Geol.  Ind.,  p.  635,  PI.  VI,  Figs.  7-9. 


Natural  cast 

6.7  mm.  Height  of  calyx, 

4.5 

mm. 

3.3    "     Height  of  basals. 

1.3 

( t 

2.4    "    Height  of  radials. 

2.4 

<  i 

i.o    "    Height  of  processes, 

0.8 

n 

5.0    "    Diameter  at  arm  bases, 

2.9 

it 
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it  rests,  are  in  the  form  of  a  rhomb,  with  its  transverse  axis  eqaal^ 
to  the  width  of  the  radial  plate.      In  S.  skifji  the  rhomb  consists  of  mm 
striae,  but  in  5,  hantiuelli   there   are   more  than  three  times  that-  I 
number.      In  S.  fc a mmf/Zi  moreover  the  curvature  of  the  rhomS  c 
forms  to  the  general  curvature  of  the  cah-x,  but  in  S.  skiff i  it  is  dei 
cdlv    convex    transversely    and    moderatelv    so    longitudinally    (PI.  ^ 
LX'XXIV.  Fig.  i6). 

The  type  specimen  (Mus.  No.  P  8479)  consists  of  a  natural  cast  andl'^ 
more  than  half  the  accompanying  mold,  both  in  an  excellent  state  a 
preservation-     Several  other  individuals  of  this  species  are  in  tli6^ 
collections. 

The  specific  name  is  proposed  in  honor  of  Mr.  Frederick  J.  V.J 
SltitT,  Director  of  the  Museum. 

Locality:    Niagaran  limestone  of  the  spoil  heaps  of  the  Chic 
Drainage  Canal  near  Lemont,   Illinois. 


Family  ZOPHOCRIMD.^. 
ZOPHOCRINUS  S,  A.  Miller. 


Two  new  species  belonging  to  this  genus  were  collected  by  the  writ* 

and  nrc  here  ilc'^crihc'l  This  Ejcnus  differs  from  all  other  crinoids  in 
that  the  calyx  contains  but  tour  radial  plates;  the  quadrangular  one 
is  somewhat  larger  than  the  others  and  is  jirobably  made  up  of  the 
right  and  left  posterior  radials  fused,  as  the  tetramerism  affects  the 
dorsal  cup  onlv:    the  dome  and  arms  are  i)entameral. 


.mo 


I  equal,  one  larger; 
■:i]  disc  is  conipose<i 
hi-  two  anterior  orals 
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are  the  smallest  and  are  not  in  contact  with  the  posterior  one;  anus 
unknown ;  five  groups  of  arms  are  situated  where  the  interoral  sutures 
meet  the  radials:  The  distal  edges  of  the  radials  are  thickened  on  their 
inner  side  and  are  ])ierced  by  pores.  The  presence  of  these  pores  has 
been  taken  by  some  writers  to  indicate  that  the  genus  might  belong 
to  the  cystoids,  but  for  the  present  it  is  considered  to  be  a  crinoid. 

ZoPHOCRiNUs  GLOBOsus  sp.  nov.  Plate  LXXXV,  Figures  15-19. 

The  calyx  is  small,  in  the  form  of  a  prolate  spheroid,  truncated  at 
the  top.  The  natural  casts  are  subspherical,  slightly  flattened  on  six 
sides,  approaching  a  rounded  hexahedron.  The  plates  are  rather  thick 
and  smooth  or  possibly  finely  granulose,  convex,  slightly  sloping  towards 
the  sutures,  so  that  their  shape  and  arrangement  is  easily  studied. 

Basal  plates  three,  much  thicker  than  the  radials;  two  are  quad- 
rangular and  about  equal  in  size ;  the  other  is  pentangular  and  larger ; 
together  they  form  a  shallow  rounded  cup  with  a  slight  triangulation  at* 
the  base  and  a  circular  depression  for  the  reception  of  the  column. 
Radials  four,  height  and  width  about  equal ;  three  are  pentangular,  the 
other  is  quadrangular;  their  sides  are  subparallel,  slightly  contracted 
at  either  end.  These  plates  have  a  decided  thickening  of  the  inner 
margin  of  their  distal  ends,  which  is  shown  by  a  deep  groove  on  the 
natural  casts.  The  ventral  disc  is  not  preserved  on  any  of  the  spec- 
imens studied. 

The  species  differs  from  the  other  species  of  the  genus  in  its  globose 
form,  its  relatively  short  radial  plates  and  its  rounded  base,  as  com- 
pared with  the  pear-shaped  body  and  attenuate  obconical  base  of  the 
otherjspecies.  These  characters  are  stated  in  more  detail  on  a  later 
page. 

Locality :  Niagaran  limestone  of  the  spoil  heaps  along  the  Drainage 
Canal,  about  a  mile  and  a  half  east  of  Lemont,  Illinois. 

This  species,  while  it  cannot  be  said  to  be  abundant  in  this  Area,  is 
by  no  means  rare.  Four  specimens  were  collected  by  the  writer  in  the 
fall  of  1905  and  a  like  number  in  the  spring  of  1906.  The  specimens 
consist  of  natural  casts  with  more  or  less  of  the  accompanying  molds. 
The  Museum  number  of  the  type  specimen  is  P  8480. 

ZoPHocRixus  PYRiFORMis     sp.  nov.  Plate  LXXXV,  Figures  12-14. 

The  calyx  is  broadly  ])ear-shapcd.  truncated  at  the  top,  expanding 
rapidly  from  the  base  to  about  the  middle  of  the  radials,  from  which 
point  it  contracts  to  the  arm  bases.  The  surface  of  the  plates  is  finely 
granulose  and  moderately  convex,  sloping  towards  the  sutures;  this 
shallow  depression  indicates  the  position  of  the  sutures. 
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The  basal  plates  are  three  in  number.  Together  they  form  an  ob- 
conical  cup  comprising  about  one-third  the  height  of  the  calyx.  Two 
are  quadrangular  and  equal  in  size,  the  other  is  pentangular  and  larger, 
The  proximal  end  of  each  plate  is  provided  with  a  decided  median 
ridge,  giving  a  triangular  base  to  the  cup  in  which  is  a  circular 
depression  for  the  reception  of  the  stem.  The  radial  plates  are  four, 
about  equal  in  size,  three  pentangular  and  one  quadrangular;  the 
distal  margins  are  thickened  and  beveled  towards  the  interior.  The 
beveled  edge  of  each  plate  is  pierced  by  pores,  the  exact  number  of 
which  cannot  be  determined  from  this  specimen. 

Tliis  species  is  fousided  on  a  single  silicified  specimen  (Mus,  No, 
P  8415),  having  the  dorsal  cup  complete  and  in  a  good  state  of  preser- 
vation, but  the  dome  is  missing.  In  form  it  appears  to  occupy  : 
position  between  that  of  Z.  lurwardi  and  7-.  globosiis.  The  descrip- 
tion of  Z.  kowardi*  is  as  follows:  "Body  subovate  or  pear-shaped, 
greatest  diameter  at  the  upper  third,  pointed  below,  length  n 
than  twice  the  diameter;  base  subhexahedral."  Z,  pyriformis  is 
distinguished  from  Z.  kowardi  by  being  much  shorter  in  proportion  to 
its  greatest  diameter  and  by  the  form  of  the  base;  also  the  opening 
formed  by  the  distal  edges  of  the  radial  plates  is  much  larger.  From 
Z.ghbosui,  which  it  resembles  in  general  proportions,  it  differs  in  the  , 
form  of  the  base  and  general  outline  of  the  calyx. 

The  conipanitive  characters  of  the  three  species  niav  be  show 
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Order   II.     FISTULATA. 
Family  GASTEROCOMID^. 

ACHRADOCRINUS  Schultze. 

This  genus  was  originally  proposed  by  Schultze,  to  receive  a  species 
from  the  Devonian  rocks  of  the  Eifel,  Germany.  The  species  collected 
by  the  writer  and  here  described  is  the  first  American  species  to  be 
referred  to  the  genus.  The  original  description*  of  the  genus  is  as  fol- 
lows :  "The  composition  of  the  calyx  is  as  follows :  Basalia  (infrabasals) 
five,  equal,  pentagonal;  Parabasalia  (basals)  five,  four  equal,  pent- 
agonal, the  fifth  hexagonal;  Radialia  (radials)  five,  pentagonal,  alter- 
nating with  parabasalia  (basals) ;  Interradials  (anal  plate)  one,  resting 
on  the  horizontal,  truncated  edge  of  the  hexagonal  parabasal  (basal) 
directly  beneath  the  anal  opening. 

Ventral  dome,  arms  and  column  unknown.  The  base  is  pierced 
by  a  single  circular  canal." 

Genotype  Achradocrinus  venirosus. 

To  the  above  description  of  the  radial  plates  may  be  added  the 
following,  as  the  characters  are  generic:  Radials  five,  shield-shaped; 
three  regular  and  equal,  the  two  posterior 
ones  irregular,  deeply  excavated  for  the 
reception  of  the  anal  plate  which  they  en- 
close on  three  sides  by  meeting  above.  A 
prominent  articular  facet  occupies  the 
outer  side  of  the  radials  near  their  distal 
edges.  The  facets  are  provided  with  a 
ventral  groove  and  are  pierced  by  a  small 
canal  located  at  some  distance  from  the 
groove. 

In  referring  AcUradocrinus  to  the  Gas-      ^'''^- ^-  ^.^t^Scll"^ 
terocomidae    Schultze    compares    it    with 

Gasterocoma,  which  it  resembles  in  general  arrangement  of  the  plates 
and  position  of  the  anal  interradius,  but  from  which  it  differs  in  the 
form  of  the  basal  canal.  In  Gasterocoma  the  base  is  pierced  by 
a  quadrilobate  canal  and  in  Achradocrinus  by  a  circular,  central 
canal. 

So  far  as  is  known  to  the  writer,  all  genera  heretofore  referred  to 
the  Gasterocomidae  have  been  of  Devonian  age. 

*  Monographic  der  Echinodermen  des  Eifler  Kalkcs,  p.  loi. 
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AcHBADOCBixus  PATULus  sp.  iiov.   Plate  LXXXV,   Figures 

Dorsal  cup  depressed,  obconical.  truncated  at  the  base,  somewhat 
inflated  on  the  posterior  side  so  tiiat  the  symmetry  is  bilateral.  Sur-1 
face  of  the  plates  granulose  and  moderately  convex,  forming  shallow; 
grooves  in  which  the  sutures  are  situated. 

Infrabasals  small,  forming  a  disc  which  barely  extends  beyond  tin 
circumference  of  the  column.  The  disc  is  provided  with  a  central, 
circular  canal,  and  the  plates  appear  to  be  fused  as  the  sutures  ai 
not  visible.  Basals  five,  four  equal  in  size  and  shape,  angular  above, 
the  posterior  larger  and  truncated  to  support  the  anal  plate.  Ra- 
dials  five,  three  shield-shaped  and  equal,  the  two  posterior  radials 
deeply  excavated  for  the  reception  of  the  anal  plate  which  they  en- 
close on  three  sides  by  meeting  above.  The  distal  edges  of  the  radials. 
are  sharply  infiected  towards  the  center  of  the  vault.  A  prominent, 
semicircular,  articular  facet,  directed  outward,  occupies  more  thatfi 
half  the  width  of  the  radials.  There  is  an  axial  canal  situated  at 
about  the  center  of  the  facet  and  a  wide,  shallow  ventral  groove  ex-| 
tends  from  the  facet  across  the  inflected  edge  of  the  radials.  The 
anal  plate  is  small,  subquadrangular,  its  lateral  edges  arched  and 
its  distal  edge  e.xcavated  for  the  anal  opening.  It  rests  upon  the 
posterior  basal  and  between  the  posterior  radials.  The  anal  opening 
is  situated  in  line  with  the  arm  facets  directly  above  the  anal  plate 
;in,]  l-L-]nw  Ilu-!;LtLTaI  i-xtcnsinn  -if  the  ^nijoining  radiids.  The  npening 
i^  directed  horiKontally  ami  is  surrounded  by  a  number  of  small  plates. 
Arms  unknown,  but  judging  from  the  articular  fiicets  they  ap])ear  to 
be  widely  divei^gcnt  or  ]iossibly  recumbent.  Tegmcn  not  preserved. 
Column  circular  with  central  canal. 

The  species  here  dcscrilied  is  referred  to  the  above  genus,  although 
differences  from  the  genotype  occur.  Thei^e  differences,  however, 
are  not  considered  to  be  of  generic  importance,  Schultze's  original 
figures  are  reproduced   for  comparison,   PI.   LXXXV,    Figs,    5-8. 

With  .4.  vfiilrosiis,  A.  f'Liliiliis  compares  as  follows:  In  form  and 
arrangement  of  the  ])lates  the  two  sjjccies  arc  similar,  likewise  in  the 
character  of  the  stem  and  the  articular  facets  with  their  ventral  grooves 
and  axial  canals.  In  .■!.  T'Cii/nuH,';,  however,  the  five  infrabasals  are 
distinct  and  form  a  shallow  cu])  visible  in  a  si<le  view  of  the  calyx,  but 
in  .-1.  I^nlulus  the  infrabasals  a])]iear  to  be  fused  into  a  disc  and  incon- 
spicuous. The  type  specimen  of  .1.  fuliihis  is,  however,  silicified  and 
it  is  quite  probable  that  the  basal  sutures  have  been  obliterated  in  the 
process  of  silieification,  Tl'.e  anal  opening  in  both  s])ccies  is  situated 
between  the  distal  edge  of  the  anal  ]jlate  ami  the  lateral  extensions  of 
the  posterior  radials;  but  in   the  genot\pe  the  opening  is   directed 
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vertically  and  is  not  visible  in  a  side  view  of  the  calyx.  In  A, 
patulus,  however,  the  opening  is  in  line  with  the  center  of  the  arm 
facets,  directed  horizontally  and  visible  only  in  a  side  view  of  the 
calyx. 

Locality:  The  type  specimen,  Mus.  No.  P  8417,  is  a  silicified  dorsal 
cup  in  a  good  state  of  preservation.  It  was  collected  by  the  writer 
in  the  clay  pockets  of  the  Niagaran  limestone  at  Romeo,  in  the  fall  of 

1905- 

Family  CYATHOCRINID^. 

HOMOCRINUS  Hall. 

No  members  of  this  genus  have  been  heretofore  reported  from  this 
area,  but  two  species,  H.  ancilla  and  H,  cylhidricus,  were  collected  by 
the  writer  and  are  here  described.     The  generic  description  is  as  fol- 
lows: Calyx  dicyclic,  subcylin- 
drical  to  turbinate.     Infraba- 
sals   five;  basals  five;  radials 
five,  separated  on  the  posterior 
side   by  an  anal   plate.     The 

radianal  plate  is  situated  below      ^^'''^'^s'^^^'^^^'''"^s^"^*'>^^ 

the  right  posterior  radial  and         ^^ — '      ^^ '         ^ — '     v — 1     ^— / 

between      the      right      anterior  Fig.  7.    Diagram  of  HomocHnus.    (After  Bather). 

radial  and  the  anal  plate ;  ven- 
tral sac  long  and  large ;  arms  bifurcating,  without  pinnules ;  stem  round. 
Distinguished  from  Dendrocrinus  by  the  proportionally  larger  infraba- 
sals   and   from   Poteriocrinus   by  the   arrangement   of  the   azygous 
plates. 

HoMOCRiNUS  ANCILLA  Hall,  Plate  LXXXV,  Figures  9-1 1. 

1879  Dendrocrinus  ancilla  Hall,  Trans.  Alb.  Inst.,   Vol.  X,  p.  9. 

1882  Dendrocrinus  ancilla  Hall,  nth   Geol.   Rept.   Ind.,  p.  271. 

1886  Homocrinus  ancilla  W.  &  Sp.,  Revis.  Paleocrinoidea,  Ft.  Ill, 

p.  220. 

Hall's  description  of  this  species  is  as  follows:  '*Body  narrowly 
turbinate,  width  and  height  above  as  ten  to  twelve  or  ten  to  thirteen; 
contracted  between  the  arm  bases ;  upper  part  of  the  column  closely 
adhering  to  the  body,  the  five  minute  basal  plates  (infrabasals) scarcely 
distinguishable  from  the  segments  of  the  column  at  its  summit ;  sub- 
radial  plates  (basals)  obscurely  angular  on  the  lower  face,  about 
three-fourths  as  wide  as  long,  very  gradually  expanding  in  width  from 
the  base,  and  supporting  on  their  upper  adjacent  sloping  faces  a  large 
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hexagonal  inteiradial  plate,  and  this  supporting  a  single  radial,  from 
which  the  arras  take  their  origin.     Arms  unknown." 

A  detailed  description  of  specimens  from  the  Chicago  Area  is  as 
follows:  Calyx  narrowly  turbinate  or  trumpet-shaped;  arm  bases 
prominent  with  constrictions  between;  surface  of  the  plates  amootb; 
sutures  situated  in  small,  but  well-defined  furrows;  base  dicyclic. 

Infrabasal  plates  five,  equal  in  size,  pentagonal,  higher  than  wide. 
Basals  five;  height  and  width  about  as  4:3;  four  are  hexagonal  and 
the  posterior  one  is  heptagonal,  being  truncated  to  support  the  anal 
plate  on  its  distal  edge.  The  infra  basals  and  basal  plates  together  form 
a  deep  cup.  its  base  apparently  about  the  size  of  the  upper  joints  of  the 
colunan.  It  expands  very  moderately  until  the  middle  of  the  basals  is 
reached,  from  which  point  the  expansion  is  quite  rapid  to  the  arm  bases. 
Radial  plates  five,  very  much  thickened  in  the  middle  of  their  distal 
edges  to  form  the  prominent  facets  for  the  attachment  of  the  arms; 
these  facets  occupy  about  half  the  width  of  the  plate.  The  right 
posterior  radial  is  smaller  than  the  others,  on  account  of  the  radianal 
plate  being  interposed  between  the  anal  plate  and  the  right  anterior 
radial ;  it  rests  on  two  of  the  basals  and  supports  the  right  posterior 
radial;  it  is  quadrangular  in  form.  The  anal  plate  is  situated  in  line 
with  the  radials  and  rests  in  the  tninc;ited  distal  side  of  the  posterior 
basal;  it  joins  the  left  posterior  radial  on  one  side  and  the  right  pos- 
terior radial  and  the  radianal  on   the  other. 

The  natural  c;ists  conform  in  a  general  way  with  the  outline  of 
the  outside  of  the  plates,  with  the  exception  of  the  base,  which  ter- 
minates in  a  point,  and  the  region  of  the  arm  bases,  which  is  quite  con- 
stricted on  account  of  the  thickening  of  the  distal  portions  of  the 
radial  plates.  The  greatest  diameter  of  the  natural  casts  is  at  the 
middle  of  the  radials,  liut  that  of  tho  outside  of  the  plates  is  at  the  arm 
bases. 

This  species  was  originally  described  from  the  Niagaran  shales  at 
Waldron,  Indiana,  and  while  the  Chicago  specimens  do  not  agree  in  all 
respects  with  the  original  description,  there  seems  to  be  little  doubt 
that  they  should  be  referred  to  this  species.  In  regard  to  the  size  of 
the  iiifrabasals  HalKs  description  and  figure  do  not  agree.  Moreover, 
many  characters,  some  of  which,  .such  as  the  size  and  position  of  the 
anal  plates,  are  of  generic  importance,  are  incompletely  described 
or  are  omitted  altogether  by  Hall. 

Locality:  The  specimens  from  the  vicinity  of  Chicago  consist  of 
natural  casts  with  the  accompanying  molds.  The  species  was  col- 
lected by  the  author  in  the  .*poil  licai)s  along  the  Chicago  Drainage 
Canal  near  I.emont,  Ilhnois.     The  specimen  used  for  the  illustration 
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is  said  to  have  been  collected  at  Joliet,  Illinois,  and  is  in  the  collection 
of  the  Joliet  High  School. 

HoMOCRiNUS  CYLiNDRicus  Hall,  Plate  LXXXIV,  Figures  14,  15. 

1852  H.  cylimiriais  Hall,   Pal.   N.  Y.,  Vol.   II.  p.  186,  PI.  XLI, 

Figs.  2  and  3. 

1859  Poteriocrinus  cylimiricus  Hall,  Correct  List  of  N.  Y.  Fossils. 

1879  H.   cylindricus    W.   &.   Sp.,    Revision    Paleocrinoidea,    Pt. 

I,    p.    78.    Pt.    Ill,' p.    220. 

Calyx  subcylindrical,  gradually  enlarging  to  the  top  of  the  infraba- 
sals  and  slightly  constricted  at  the  arm  bases.  Surface  of  the  plates 
smooth  and  conforming  to  the  general  curve  of  the  calyx,  except  the 
radials  which  arc  longitudinally  convex  at  the  arm  facets,  giving 
a  lobed  appearance  to  the  upper  part  of  the  calyx;  lobes  thick. 
Infrabasals  five,  equal,  pentagonal,  higher  than  wide,  forming  a  cup 
whose  height  and  width  are  about  equal.  Basals  four,  higher 
than  wide,  the  largest  plates  of  the  calyx.  The  posterior  basal  is 
heptagonal,  being  truncated  distally  for  the  support  of  the  anal  plate. 
It  is  somewhat  larger  than  the  other  four  which  are  hexagonal  and 
equal  in  size.  Radials  five,  wider  than  high,  somewhat  smaller  than 
the  infrabasals.  The  articulating  facets  for  the  arms  occupy  nearly 
the  entire  distal  edge  of  the  plate.  The  right  posterior  radial  is  smaller 
than  the  others,  on  account  of  the  proximal  end  being  displaced  by  the 
radianal  plate.  The  radial  symmetry  is  disturbed  by  the  ])resence  of 
an  anal  plate  situated  between  the  two  posterior  radials  and  resting  on 
the  posterior  basal,  and  a  radianal  plate  is  situated  at  the  right  of  the 
anal,  resting  on  the  posterior  and  right  lateral  basal  plates  and  carrying 
on  its  distal  side  the  right  posterior  radial. 

The  species  occurs  in  this  locality  in  the  form  of  natural  casts  and 
molds.  Owing  to  the  comparative  thickness  of  the  plates  the  casts 
are  quite  different  in  shape  from  the  molds.  The  infrabasal  cup  is  in 
the  form  of  a  rapidly  expanding  pyramid.  Owing  to  the  convexity 
of  the  inner  surface  of  the  basal  plates  there  is  a  noticeable  constriction 
a  little  above  the  middle  of  the  cast  and  another  at  the  arm  bases. 
These  features  are  well  shown  in  PI.  LXXXIV,  Fig.  15.  Hall's  original 
description*  of  this  species  is  brief,  and,  judging  from  his  figures,  his 
specimens  were  not  very  well  preserved.  There  seems  to  be  little 
doubt,  however,  that  this  specimen  should  be  referred  to  this  species. 
The  species  was  described  from  the  Niagaran  shale  at  Lockport,  New 
York,  and,  so  far  as  is  known  to  the  writer,  has  never  been  reported 
from  any  other  locality. 

♦Pal.  N.  v.,  Vol.  II,  p.  186. 


39'  FiBLD  COLCMBIAX  MUiEVH — GsOLOGr.    VoU   U. 

LocaGty:  Collected  bjr  the  writer  in  the  spoil  heaps  along  the 
CtucagoDi^nageCaaaUbouti^mikseastofLeinoTit. Illinois.  (Mtu. 
No.  P  8S87.) 


FamUy  CROTALOCRINID^. 
CROTALOCRINUS     Austin. 
CitDTALOCRiMU»  CORA  Hall.  Plat«  LXXXVI,  Figs.  3  and  4. 
1S68  CyalkocriMui  cora  Hall,  aoth  Rept.  X.  Y.  St  Mus.,  p. 


PL  ^M 

1 


XI.  Pigs.  13, 14. 
[  1870  CyalhocriHtts  cora    Hall,  aoth  Rept.  N.  Y.  St.    Mus.    (Rev, 

'  Ed.),  p.  366.  PI.  XI.  Figs.  13.  14. 

f  i8?9  Cyathocrinus  tora  W.  &  Sp.,  Rev.  PalEDcrin.,  Pt.  I,  p.  85. 

18S1  CyaiJuKriHus  <ora  S.  A.  M..  Jour.  Cin.  Soc.  Nat.  Hist,.  Vol^  J 

i IV,p.,7.. 

^^■0        iQoo  Cyathoerinus  cora  Weller,  Bull.  4,  Nat.  Hist.  Sarv.  Chicago 
^^M  Acad.  Sci.  p.  6z.  PI.  XIV,  Pigs.  &-10. 

^^^V      1900  Crolahcrinus  anuricattus  Weller.  ibid.  p.  143,  PI.  XIV.  Fig.  i. 
^^^H      190J  Crotalocrinus  cora  Wellcr,  Jour.  Geol.,  Vol.  X.  p.  53a,  PI.  Ill, 
^^^V    This  spGctcs  is  abundant  at  various  localities  in  the  vicinity-  of 
^^^Ktiicago  and  at  Racine,  WUctnuin,  in  the  fonn  of  natural  casts,  but  it 
^HPptnrdy  foundwitfa  the  brachial  plates  preserred.    The  specimen  here^ 
ngure'l  ^Mu-;,  \'o.  P8?oo)  shnws  iTie  anterior  ani  rit;bt  anterior  ravs. 
complete  U,  tlic  fourth  hifurcalion  of  the  l.racliials.  and  part  of  the  left 
anterior  an^l  ri^lit  posterior  rays.     This  is  probably  the  most  complete 
specimen  of  this  speeies  yet  diseovered.     The  specimen  consists  of  a  nat- 
ural last  with  more  than  half  the  accompanying  mold.      Fig.  3  is  drawn 
from  a  ■'c.mposition"  impression  taken  from  the  natural  mold.     Col- 
lected by  llie  writer  in  the  ujiper  layers  of  tlie  Hawtlxime  Quarr>-,  Chi- 


■ago.  .May,  [.,06. 


Onk-r    III.     C.-\MERAT.\. 
I-aTTiily   PLATYCRl.XID.^;. 
I'I,.\TVCRIXL"S     Miller- 
■,rsT.\  si>.  n.iv.  Plate  LXXXVi.  Figures  5-7, 
lihc'ini'^pherical,  shaqjly  constricted  above,  with  the 
n  a  rinular  facet  for  the  attachment  of  the  column. 
(itisversc  section  at  the  arm  bases,  circular  below. 
lut  Mi-naincnlalion.   ennfomiing  to  the  curvature  of 
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The  natural  cast  is  similar  in  form  and  proportions  to  the  outside 
of  the  calyx  without  the  radial  and  basal  facets.  The  transverse 
ridge  near  the  arm  bases  is  more  prominent  and  the  inner  surface 
of  the  plates  is  slightly  beveled  towards  the  edges,  so  that  the  position 
of  the  sutures  is  indicated  on  the  casts  by  indistinct  ridges. 

Basals  three,  two  pentangular  and  equal,  the  other  smaller,  quad- 
rangular. Together  they  form  a  cup  wider  than  high  and  with  a  small 
circular  base.  Radials  five,  about  equal  in  size,  three  pentangular, 
two  quadrangular.  The  radials  are  inflected  on  a  line  with  the  lower 
part  of  the  articular  facet  forming  an  obtuse  angular  transverse  ridge. 
The  articular  facets  are  small,  occupying  about  one-third  the  width 
of  the  plates.  They  are  circular  in  outline  with  a  deep  ventral  groove. 
One  axillar>'^  costal  is  attached  to  each  articular  facet.  Column,  as 
indicated  by  the  basal  facet,  round  with  a  central  circular  canal. 
Arms  and  ventral  disc  not  preserved. 

The  type  specimen  (Mus.  No.  P  8895)  consists  of  a  natural  cast  of 
the  dorsal  cup  and  the  associated  natural  mold  nearly  complete. 
Figures  5  and  6,  Plate  LXXXVI,  are  drawn  from  a  rubber  impression 
of  the  natural  mold.  This  species  is  so  different  in  its  general  form 
from  any  other  species  of  this  genus  that  comparison  seems  superfluous. 
The  specific  name  is  proposed  in  honor  of  the  wife  of  the  writer. 

Locality :  Collected  by  the  writer  in  the  Niagaran  limestone  of  the 
spoil  heaps  along  the  Chicago  Drainage  Canal  near  Lemont,  Illinois. 


Family  BATOCRINID^. 

HABROCRINUS  Angelin. 

Calyx  obconical  to  urn-shaped;  composed  of  thick,  more  or  less 
ornamented  plates.      Arms,  two  to  each 
ray;    uniserial,  long,  heavy  and  simple 
throughout.     Base  monocyclic. 

Basals  three,  equal.  Radials  five, 
each  followed  bv  two  costals.  Distichals 
two  to  six  to  each  ray  leading  up  to  the 
arms.  First  anal  plate  large,  situated 
between  the  two  posterior  lateral  radials. 
It  is  followed  by  three  plates  in  the  sec- 
ond row  and  five  in  the  third.  The  anal 
interradius  is  much  wider  than  the  other 
interbrachial  areas.  '''''' ''  ^''^^'"  ''  Hatrocrinus. 

The  genus  Habrocriniis  together  with  Piotocriuus  was  created  in 


IQ4 


Field  Columbian  Museum  —  Geolocv,  Vol.  II. 


i878by  Angclin*  to  receive  a  number  of  species  from  the  Silurian  rocks-l 
of  Gotland,  Sweden.      It  lias  been  recognized  in  tlie  Wenlock  Umestonfl  J 
in  England,  and  Wachsmuth  and  Springer  described  two  species  from  J 
Indiana  which  they  referred  to  the  subgenus  Acacocrinus.     The  differ-i 
ences  between  HaliTocriitus  and  Pioitocriaiis  are  as  follows:    In  Hoft^'l 
Tocrintis  the  interbrachial  areas  consist  of  one  plate  resting  on  the  >] 
superior  lateral  edges  of  the  radials.  followed  by  two  plates  in  each  ( 
of  the  succeeding  rows;    in  Pionocrinus  the  first  interbrachial  plate 
is  large,  occupying  the  space  between  the  two  rays  from  the  superior 
lateral  edges  of  the  radials  'to  the  inferior  edges  of  the  first  distichals,  | 
This  plate  is  followed  by  a  single  narrow  plate.     The  first  costals  i 
Hdbroi.riiius  are  hexangular,  while  those  of  Pionocrjnns  are  quadran 
gular.     These  differences  are  not  considered  to  be  of  generic  import- 
ance, so  that  Bather  and  Wachsmuth  &  Springer  place  the  species  ] 
originally  referred  to  Pioiiocrmiis  in  the  genus  Habrocrinns. 


H„hr,;n>nis  differs  from  Pcriejuh 
tatinn  iif  the  plates  of  the  ilorsaj  cup  ; 
more  <ir  less  sculptured,  suture.-;  sit 
latter  the  jiiates  arc  tliin,  edges  not 
not  wdi  <U-fine(l.  in  ll.ihroa 
in  PericiiKhTiiiii.-i  they  arc  slender  and 
the  palmers  arc  not  present  in  the  dorsa 


in  chai 


nd  (i 


in  the  former  the  plate;  arc  thick, 
tuated  in  decji  furn;\vs ;  in  the 
t  licveled  and  jiosition  of  sutures 
the  arms  are  strong  and  simple: 

and  branching.  In  the  former 
cup:  in  the  latter  they  are 


present.      In  the  former  the  number  of  arms  is  two  to  each  ray.  in  the 
latter  it  is  four  or  more  to  each  ray. 

Of  the  fourteen  American  species  referred  to  Perieilwiriiiits.  four 
species,  /',  henalh-li  R,  A,  M,,  P,  chi\-.ii:.wiisLK  Wcller,  P.  hou-ardi  S,  A.  M, 
and  /',  oniiiliis  Hall,  possess  characters  which  appear  to  necessitate 
their  removal  from  that  genus  to  HabrocrUnts,  The  characters  referred 
lo  are  as  follows:  The  absence  of  the  jialmcrs  in  the  dorsal  cup,  reduc- 
ing the  number  of  arm  bases  from  four  to  two  in  each  ray.  and  the 
*  [i.i.nrt>;rii[ihi.i  erindidenruni.  ]..  3. 
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thick,  more  or  less  sculptured  plates  with  edges  beveled  fonning 
furrows  in  which  the  sutures  are  situated.  As  none  of  these  species 
has  been  found  with  the  anns  preserved,  it  is  not  possible  to  state 
whether  they  are  simple  or  branched,  but  the  number  of  the  ann 
bases  and  the  thickness  and  ornamentation  of  the  plates  indicate 
their  affinity  with  Habrocriitits.  In  the  new  species  described  herewith 
both  the  typical  form  of  Habrocrinns  and  the  form  referred  to  Piofto. 
crinus  are  found. 

Habrocrixus   benedicti  S.   a.   Miller,  Plate  LXXXVII,  Figs.  6-7. 

1892  Saccocrinus  benedicti  S.  A.  M.,Adv.  Sheets,  i8th  Rept.  Geol. 
Surv.   Ind.,  p.   28,  PI.  V,   Figs.    1-2. 

1894  Saccocrinus  benedicti  S.  A.  M..  i8th  Rept.  Geol.  Surv.  Ind., 
p.  283,  PI.  V,  Figs.  1-2. 

1902  Periechocrinns  chicagoensis  Weller,  Bull.  4,  Nat.  Hist.  Surv., 
Chicago  Acad.  Sci.,  p.  131,  PI.  XIII,  Figs.  7-8. 

The  specimens  described  by  S.  A.  Miller  as  Saccocrinus  benedicti 
had  the  plates  preserved,  so  that  their  form  and  ornamentations 
were  well  shown.  The  specimens  were  from  St  Paul,  Indiana. 
Periechocrinns  chicagoensis  was  described  by  Weller  from  natural 
casts  from  Chicago,  no  specimens  showing  the  ornamentation  of  the 
plates  having  at  the  time  been  reported. 

In  the  summer  of  1906  the  writer  was  fortunate  enough  to  find  a 
natural  cast  of  P.  chicagoensis  accompanied  by  a  large  part  of  the  nat- 
ural mold.  Upon  taking  an  impression  of  this  mold  a  great  simi- 
larity with  P.  benedicti  was  at  once  apparent,  and  upon  further  study  of 
the  two  forms  there  appeared  little  reason  to  doubt  that  they  were 
specifically  identical.  As  Miller's  species  has  about  ten  years  priority, 
P.  chicagoensis  Weller  will  thus  become  a  synonym.  Wachsmuth  & 
Springer  consider  H.  benedicti  to  be  a  synonym  of  H.  ornatus.  This 
view  is  not  held  by  many  other  authors  and  a  comparison  of  the 
type  of  H.  benedicti  with  the  drawings  of  H.  ornatus  would  seem  to 
leave  little  room  to  doubt  that  they  are  distinct. 

Locality:  Niagaran  limestone  of  the  spoil  heaps  along  the  Chicago 
Drainage  Canal  near  Lemont,  Illinois.  The  specimen  here  figured 
has  the  Museum  number  P8893. 

The  bibliography  of  the  two  other  species  transferred  to  Habrocrinus 
is  here  given,  although  they  have  not  been  reported  from  this  Area. 

Habrocrinus  howardi  S.  A.  Miller. 

1892  Saccocrinus  howardi  S.  A.  M.,  Adv.  Sheets,  i8th  Rept.  Geol. 
Surv.  Ind.,  p.  29,  PI.  V,  Figs.  3-5. 


)6  Field  Columbian  Museum  —  Geology,  Vol.  II. 

1894  Saccacrinus  hovardi  S.  A.  M.,  18th  Rept.  Geol.  Surv.  Ind., 

p.  184,  PI.  V,  Figs.  3-5. 
]8()7  Periechocrinus  ktnvardi  W.  &  Sp.,  N.  Am.  Crin.  Cam.,  Vol.^ 

n,  p.  5^9.  J 

Niagara  Group,  St.  Paul,  Indiana.  ■ 


Habrocrinus  ohkatus  Hall. 

187s  Saccocrinus   ornatus  Hall,  Pal.  Ohio,  Vol.  II,  p.  136,  PI.  VI, 

Figs.  7-9. 
1881  Periediocnnus  ornatus  Wachsmuth  &    Springer.    Rev. 

aeocr.,  Pt.  II,  p.  132. 
1897  PeTtechocrinus  'ornatus    Wachsmuth   &    Springer,    N.    Am. 

Crin,  Cam.,  Vol.  II.  p.  537,  PI,  t,  Figs,  3a-b.andPl.LI, 

Fig.  7. 
Niagara  group.  Yellow  Springs,  OJiio. 


Habrocrinus   FARRiNGTONi  Sp.  nov.      Platc  LXXXVII,    Figs, 

The  calyx  is  um-shapcd,  with  an  expanded  hexagonal  base.  The 
dome  is  not  preserved.  The  plates  of  the  dorsa!  cup  are  thick,  depressed 
_  in  the  center,  with  low  nodes  near  the  angles.  The  sutures  are  sit- 
coated  in  deep  furrows  formed  by  the  beveled  edges  of  the  plates.  No 
radial  ridges  are  found.  The  natural  casts  have  a  pronounced 
tubercle  near  the  center  of  the  radial  and  first  aii;il  plates,  indic.-iting 
a  depression  on  the  inner  side  of  the  plates,  but  no  corresponding 
elevation,  on  the  exterior  of  the  plates,  is  shown  in  the  natural  mold. 
The  natural  casts  are  pyriform.  pointed  below  and  truncated  above, 
somewhat  constricted  between  the  prominent  arm  bases.  Arms, 
judging  from  the  arm  bases,  two  to  each  ray. 

Basais  three,  equal,  forming  a  shallow  hexagonal  cup.  Radials 
five,  height  and  width  about  equal:  the  two  anterior  laterals  heptag- 
onal,  the  others  hexagonal.  First  costals  hexagonal,  about  half  the  size 
of  the  radials;  second  castals  smaller  than  the  first,  pentagonal,  axil- 
lary, bearing  the  distichals  upon  their  superior  edges.  First  distichals 
about  twice  as  high  as  wide.  Higher  plates  of  the  rays  not  known. 
First  inter  brachials  he.\agonab  equal  in  size  or  slightly  larger  than  the 
first  costals;  they  are  followed  by  two  somewhat  smaller  plates,  and 
the?e  by  two  still  smaller  which  join  with  the  plates  of  the  dome.  No 
interdistichal  jilates  visible.  The  anal  interradius  has  nearly  the 
combined  width  of  one  of  the  rays  and  two  interbrachial  areas.  The 
first  anal  jilate  is  situateil  between  the  two  ];osterior  radials,  resting  on 
the  basais.      It  is  hept agonal  in  form  and  from  its  superior  edge  extends 
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a  row  of  three  or  more  plates,  gradually  diminishing  in  size;  these 
anal  plates  are  similar  in  size  to  the  corresponding  radial,  costal  and 
distichal  plates ;  on  either  side  of  the  anal  plates  is  a  series  of  plates 
similar  to,  but  slightly  smaller  than,  those  of  the  interbrachial  areas, 
with  the  exception  that  there  are  three  in  the  third  row  instead 
of  two. 

This  species  somewhat  resembles  H,  benedicti  S.  A.  M.  in  general 
appearance,  but  it  is  distinguished  from  that  species  by  having  a  more 
shallow  and  expanded  basal  cup.  The  diameter  of  the  calyx  is  greater 
in  proportion  to  its  height  in  H,  farringtoni  than  in  H.  benedicti,  and 
both  the  constriction  below  the  arm  bases  and  the  second  and  third 
distichals  are  wanting  in  H,  farringtoni.  In  the  form  of  the  calyx 
and  the  ornamentation  of  the  plates  H.  farringtoni  resembles  H,  lemon- 
tensis,  but  they  are  distinguished  by  the  shape  of  their  first  costals 
and  by  the  number  and  shape  of  the  plates  in  the  interbrachial  areas. 

The  type  specimen  of  H.  farringtoni,  on  which  this  description  is 
based,  consists  of  a  natural  cast  of  the  dorsal  cup  accompanied  by  a 
portion  of  the  natural  mold.  The  sutures  are  well  defined  on  both 
cast  and  mold.  The  mold  comprises  two  rays,  one  interbrachial 
area  and  more  than  half  the  anal  interradius.  An  impression  taken 
from  this  mold  gives  the  external  form  of  the  calyx  and  the  surface 
markings  of  the  plates.  As  the  basal  plates  are  missing  from  this  mold, 
the  impression  of  a  mold  in  the  collection  of  the  University  of  Chicago 
is  also  figured,  Plate  LXXXVII,  Figs,  i  and  2.  The  type  is  somewhat 
crushed,  thus  giving  a  wider  appearance  in  proportion  to  its  height 
than  is  natural. 

The  specific  name  is  proposed  in  honor  of  Dr.  O.  C.  Farrington, 
Curator  of  the  Department  of  Geology  of  the  Museum. 

Locality:  This  species  Ls  represented  in  the  Museum  collections  by 
the  type  specimen  P  8474,  and  a  natural  cast,  P  8949.  These  were 
collected  by  the  writer  in  the  Xiagaran  limestone  of  the  spoil  heaps 
along  the  Chicago  Drainage  Canal  about  a  mile  cast  of  Lemon t,  Illinois, 
one  in  the  fall  of  1905  and  one  in  the  spring  of  1906.  The  specimen 
in  the  collection  of  the  University  of  Chicago  is  from  the  same 
localitv. 

Habrocrinus  lemonte.vsis  sp.  nov.  Plate  LXXXVII  I,  Figs.  8-10. 
The  calyx  Ls  urn-shaped  with  an  expanded  hexagonal  base;  mod- 
erately constricted  between  the  prominent  arm  bases,  giving  a  pentag- 
onal section  to  the  dorsal  cup.  The  dome  is  not  preserved.  The 
plates  of  the  dorsal  cup  are  thick  and  depressed  with  nodes  near  the 
angles  of  the  plates.     The  sutures  are  situated  in  deep  furrows  formed 
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by  the  beveled  edges  of  the  plates.     No  radial  ridges  are  observed. , 
The  natural  cast  is  turbinate,  pointed  below  and  truncated  above, 
with  prominent  arm  bases.     Arms,  judging  from  the  arm  bases,  two  to   ! 
each  ray. 

Basals  three,  equal  in  size,  forming  a  shallow  cup  with  an  hexag- 
onal outline.  Radiab  five,  height  and  width  about  equal,  the  two"i 
anterior  laterals  heptagonal,  the  others  hexagonal,  in  contact  except 
at  the  posterior  side  where  they  are  separated  by  the  first  anal  plate. 
First  costals  quadrangular,  height  and  width  about  equal,  much 
smaller  than  the  radials.  Second  costals  about  the  size  of  the  first,  , 
wider  than  high,  pentangular,  axillar\-.  supporting  the  dktichals  upon 
their  sloping  edges.  Distichals  comparatively  large,  two  or  more  to 
each  ray.  The  first  interbrachial  plate  is  intermediate  in  size 
between  the  radials  and  the  first  costals ;  it  is  nine-sided  and  occupies 
the  space  from  the  sloping  superior  edges  of  the  radials  to  the  inferior 
edges  of  the  distichals ;  it  supports  a  narrow  plate  upon  its  upper  edge. 
No  interdiitichals  are  observed.  The  anal  interradius  is  considerably 
wider  than  the  interbrachial  areas.  The  first  anal  plate  is  hei^tagonal, 
resting  on  the  basals  between  the  posterior  lateral  radials.  It  is  J 
followed  by  three  plates  in  the  second  row  and  by  five  in  the  two  J 
succeeding  rows. 

In  the  arrangement  and  relative  size  of  the  plates  this  species  ' 
closely  rcsemhles  H.  (Pioiuhrimis)  Junius  Angelin  *  (Sec  Fig.  10),  but 
that  is  a  very  small  species  jind  the  plates  arc  moderately  cmivex  and 
without   sculjituring.      The    distinguishing   characters    between    this 
species  and  H .  jarriugl.oii  arc  discussed  under  that  specie.-'. 

The  type  specimen  (  Mus.  No.  P  <j6z8  )  comists  of  a  somewhat 
weathered  natural  cast  with  a  portion  of  the  accompanying  natural 
mold.  The  mold  comprises  the  basal  cup  in  good  condition,  three 
radials  and  the  first  anal  plate  practically  complete  and  the  lower  half 
of  the  other  two  radials ;  in  two  of  the  rays  the  costals  and  one  of  the 
distichals  are  preserved  with  the  enclosed  interbrachial  area.  The 
impression  from  this  mold  Rivt 
of  the  dorsal  cu])  and  the  orna 
of  more  than  half  of  the  jilates  c 
that  the  characters  of  the  species 
bas-^al  and  radial  plates,  shown  it 
caused  by  protuberances  in  the  1 
appear  to  be  carbonate  of  lime 
had  been  dissolved  out.  and  pm 
ornamentation  of  the  plates. 
*  IcoiioKraphia  Crinoideonini.  ji.    5. 


s  the  general  form  of  the  exterior 
nentation  of  the  plates.  The  form 
in  be  traceil  on  the  natvral  cast,  so 
■an  be  ascertained.  The  ].its  on  the 
PI,  LXXXVll.  Figs.  8  and  9,  are 
atural  mold.  These  protuberances 
deposited  after  the  original  crinoid 
lably  have  no  connection  with  the 

PI.  -KVI.  Hk.   :.v 
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Locality:  The  species  is  represented  by  a  single  individual  collected 
by  the  writer  in  the  fall  of  1905.  in  the  Niagaran  Ume^tone  in  the  spoil 
heaps  along  the  Chicago  Drainage  Canal,  about  one  mile  east  of 
Lemont,  Illinois. 


Family  THYSAKOCRINID.^i. 
THYSANOCRINUS  Hall. 
Weller's  description*  of  this  genus  is  as  follows; — 
"Calyx  subglobose.  urn  or  bell -shaped,  the  rays  marked  by  more  or 
less  conspicuous  ridges;  the  surface  of  the  plates  smooth,  or  variouslj' 
ornamented.     Infrabasals   five  smalt,  barely  extending  beyond  the 
column,  or  entirely  hidden  by 
it.     Basals  five,  four  of  them 
equal  and  angular  above ;  the 
fifth  truncated  and  support- 
ing a  large  anal  plate.     Radi- 
als  considerably  larger  than 
the   costals,   their    proximal 
sides  distinctly  angular,  the 
lateral    faces    comparatively 
short.    Costals  two.    Distich- 
als  two  or  three  in  each  series. 
In   some   cases   palm.ers  are 
also  present,  the  axillan,-  dis- 
tichal  giving  rise  on  the  iater- 
radial  side  to  an  armlet  for  ng  ,t.  jyiatnm  qt  Ti<y«i^ocri««s. 

the  most  part  included  in  the 

calyx  and  on  the  other  side  of  the  main  arm.  Four  of  the  first  inter- 
brachials  large,  angular  below,  resting  upon  the  sloping  upper  comers 
of  the  two  radial.^  and  against  the  costals;  two  plates  in  the  second 
row,  often  followed  by  smaller  one:,  above  which  connect  with  the 
plates  of  the  disc.  The  anal  side  comiderably  wider,  the  first  plate 
lai^e,  hexagonal,  resting  upon  the  truncated  posterior  basal,  three 
plates  in  the  second  row  and  smaller  ones  above.  In  some  species 
an  uninterrupted  row  of  anal  plates  extends  to  the  anal  opening. 
Interdistichals  generally  represented  and  rather  large.  Column 
round  or  obtusely  pentangular." 

THYSANOCRINUS  CAMPANULATUS  sp.  nov.  Plate  LXXXV,  Figs.  20-13. 
The  calyx  is  bell-shaped,  expanding  verj-  rapidly  above  the  top  of 
•  Bull.  IV,  Pt.  I,  Nat.  Hist.  Surv.,  Chicago  Acad.  Sci.,  p.  70. 
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the  radial  plates.  The  diameter  of  the  doreal  cup  at  the  arm  bases 
is  about  one-half  greater  than  the  height  of  the  cup.  The  dorsal  cup 
is  ornamented  with  scries  of  prominent  rounded  ridges.  The  ridges 
begin  near  the  middle  of  the  lower  margins  of  the  basal  plates  at  the 
juncture  with  the  column  and  extend  to  the  center  of  the  plate. 
At  this  point  they  bifurcate  and  pass  to  the  center  of  the  radials 
where  they  join  the  ridges  from  the  basals  on  either  side.  From 
the  center  of  the  radials  the  ridges  follow  the  median  line  of  the  radials 
and  costals  to  the  middle  of  the  axillan,-  costal  where  they  again  bifur- 
cate and  follow  the  distichals  up  to  the  arm  bases.  Another,  less 
conspicuous  ridge  connects  the  centers  of  the  posterior  lateral  radials 
crossing  the  first  anal  plate.  Surfaceof  all  plates,  not  ornamented  with 
the  ridges,  smooth  and  moderately  convex.  Sutures  not  situated  in 
grooves.  In  the  natural  casts  the  dorsal  cup  is  broad  and  flat  at  the 
base  and  curves  abruptly  upward  at  about  the  middle-  of  the  basal 
plates;  it  expands  moderately  up  to  the  middle  of  the  radials.  where 
a  slight  constriction  occurs,  and  above  this  constriction  the  expansion 
is  ver\'  rapid  until  at  the  arm  bases  the  plates  are  nearly  at  right  angles 
to  the  a.tij  of  the  calyx.     Ventral  disc  not  preserved. 

Infrabasals  five,  small,  scarcely  extending  beyond  the  columnar 
facet.  Basals  five.  large,  forming  with  the  infrabasals  a  shallow  cup ; 
the  poeterior  basal  is  heptagonal  and  larger  than  the  otiiers  which  are 

liilcnils  are  hexagonal  and  the  rest  are  hcptagonal.  First  costals 
hexagonal,  less  than  half  the  size  of  the  radials.  Second  costals 
axillary,  pentagonal  or  hexagonal.  In  some  cases  the  interdistichal 
apjiears  to  join  the  axillarv  costal.  Distichals  two  or  more  in  each 
."(eries.  First  interhrachials  arc  hexagonal,  intermediate  in  size  between 
the  radials  and  first  costals;  they  are  followed  by  three  or  more  rows 
of  two  plates  each,  diminishing  in  size  upward.  Interdistichal?  pres- 
ent, but  in  the  specimens  at  hand  only  the  first  plate  is  preser\'ed; 
this  appears  to  lie  hexagonal  ur  hejitagonal.  The  anal  interradius 
is  wider  than  theinlerlirachia]  areas.  The  lirst  anal  plate  is  hexagonal, 
smaller  than  the  radials;  it  rests  on  the  distal  edge  of  the  posterior 
basal  an<l  separates  the  posterior  lateral  radials;  it  supports  on  its 
distal  edge  a  row  of  plates,  diminishing  in  size,  which  lead  up  to  the 
vault;  the  space  between  this  row  uf  ulates  and  the  posterior  lateral 
rays  is  filled  with  smalU-r  jilatts. 

In  its  general  form  and  iirojinrtions  this  species  is  so  unlike  all  other 
species  <il  this  genus  that  it  will  be  easily  recognized. 

Thelyyicsi^ccimen.  P  SS<)i.  was  collected  by  the  writer  in  the  spring 
of  i()o<>.      It  co;isi-;ts  <if  a  nearly  perfect  natural  cast  of  the  dorsal 
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cup  accompanied  by  a  natural  mold  of  which  a  part  of   the   base 
is  missing. 

Locality:   Niagaran  limestone  of  the  spoil  heaps  along  the  Chicago 
Drainage  Canal  near  Lemont,  Illinois. 


Family  CALYPTOCRINID.^.. 

EUCALYPTOCRINUS   Goldfuss. 

EucALYPTOCRiNUS  OBCONicus     Hall,  Plate  LXXXVI,  Figures  1-2. 
1867  E.  obconicus  Hall,  20th  Rept.  N.  Y.  St.  Mus.,  p.  323,  PI.  XI, 

Fig.  I. 

1870  E.  obconicus  Hall,   20th  Rept.  N.  Y.  St.  Mus.,  Rev.  Ed., 

.       p.   365,  PI.   XI,   Fig.    I. 

1885  E.  obconicus  Wachsmuth  &  Sp.,  Rev.  Palaeocr.  Pt.  Ill,  p.133. 

1897  E.  obconicus  Wachsmuth  &  Sp.,  N.  Am.  Crin.  Cam.,  Vol. 
I.,p.353,Pl.LXXXIII,Fig.  13. 

1900  E.  obconicus  Weller,  Bull.  4,  Nat.  Hist.  Surv.,  Chicago  Acad. 
Sci.,  p.  109,  PI.  VII,  Fig.  8. 

Dorsal  cup  obconical,  truncated  at  the  base  by  the  attachment  for 
the  column ;  height  nearly  twice  its  diameter  at  the  arm  bases ;  grad- 
ually and  regularly  expanding  from  the  size  of  the  column  at  its  base 
to  the  arm  bases  where  it  attains  its  greatest  diameter.  The  plates 
are  thicker  in  the  central  portion  than  at  the  edges,  so  that  both  their 
inner  and  outer  surfaces  are  convex.  The  outer  surface  of  the  plates 
is  smooth  and  slopes  gently  towards  the  sutures.  The  natural  cast  is 
similar  in  outline  to  the  exterior  of  the  dorsal  cup,  but  it  is  pointed  at 
the  base.  The  position  of  the  sutures  is  indicated  by  low  angular  ridges 
which  are  formed  by  the  convexity  of  the  inner  surface  of  the  plates. 

Basals  four,  three  pentagonal,  one  hexagonal,  long  and  narrow. 
Together  they  form  a  cup,  height  and  width  about  equal.  Radials 
five,  the  largest  plates  in  the  calyx;  four  heptagonal,  the  other  hexag- 
onal, about  equal  in  size  and  nearly  twice  as  high  as  wide.  First  cos- 
tals  quadrangular,  higher  than  wide,  proximal  and  lateral  edges  arched, 
distal  edges  much  narrower  than  the  proximal  ones.  Second  or  axial 
costals  are  in  the  form  of  a  regular  pentagon,  somewhat  smaller  than 
the  first  costals..  Distichals  four  to  each  ray.  The  first  pair  hexagonal, 
in  contact  with  each  other  and  about  the  size  of  the  second  costals 
upon  which  they  rest.  The  second  pair  is  ver\'  small.  First  inter- 
brachials  ten-sided,  about  twice  as  high  as  wide  and  next  to  the  radials 
in  size.  These  are  followed  by  two  long  narrow  plates,  with  their 
longest  edges  in  contact.     Interdistichals  small,  angular  below  and 
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restiag  upon   the  short,  slopiog  edfes  of  the  fint  distichals  and  b 
tween  Uie  s«twnil  ttuiichaU. 

Anns  and  ventral  disc  not  preiervol 
The  (oUowmgduneiuiQtis  are  given  for  cumparison.     Tbo^e  of  ihe 
type  are  t«ken  fFom  the  cut.  thoe«  of  this  sfxximen  from  the  cast. 

Length  of  donal  mp. 
Diameter  at  arm  bases, 
Ubimctcr  at  top  of  radiab. 
Height  of  radiak. 
Height  of  t^asals. 

Owing  to  the  fact  that  this  specioien  is  sooiewhat  distorled.  the  1 
dimenr-irmx  of  the  diameters  as  given  ^re  estimated.  The  actual,| 
tneasuremcnts  are  as  follows: 

The  longer  and  shorter  diameters  at  ann  bases  are  a>.i5  and  14.  jl 
res  peel  i  vet  y; 

The  trmger  and  »horter  liiameters  al  lop  of  radiab  are  1 1 .  g  and  9 .  j 
respectively. 

The  itpecimen  here  described  <  Mus.  No.  P  8879  )  consists  cf  a 
practically  complete  natural  cast  accompanied  by  a  portion  of  the  meld. 
The  mold  cr>mpriset  fme  complete  ray,  a  port,ion  of  two  others  and  part  J 
of  three  tnterbrachial  areas.  So  far  as  known  to  the  writer,  this  is' 
tlic  (ir-,t  siKf'imfn  of  thh  species  in  -vvhitli  the  extern:.!  cbar;icter- 
of  tiivi,lat<:.l::.v(.l.(',.a  <le.<ri!,(vi  or  fij;urc-.i.  Thii  si.ecimoa  .iiffer.- 
froin  till-  tv]  i.  :,-.  lij,'urfii  l,y  Uu\]  in  >everal  juTlicular.-.  and  if  c.lber 
sjji'i  iiTicns  ■^hoiilii  In-  louiiil  ;]'.'nvinji  the.  e  rharycters  Inl  c  constant,  it 
may  l.c  advi  al.li-  U,  ronM.i.T  this  a  new  sj.ecie-;.  This  si:ccimei  i^ 
al-i.ul  twin-  il.,-  Idjith  of  lh(.'  tyj.c  and  somewhat  more  blender.  T!  e 
liasals.  radi.l  .  fir  I  costaK  and  tir.-t  interhrachials  are  much  higi  er 
ill  ]ir'i|iiirlion  to  tl.cir  widtli.  In  the  type  the  sutures  between  the  fir.st 
c'lslals  and  lir.l  i-iti-rliracliials  are  vtraij;ht.  Ijut  in  this  specimen  they 
are  anhed,  Willi  the  lonvox  side  towards  the  interhrachiah 

This  s[n:iifs  is  ilislinj^uished  frr)ni  all  other  s]>ecics  of  the  genus 

l-orality,    Niafjaran  limestone  of  the  spoil  heaps  alonj;  the  Chicago 
lltaiTia;,'e  Canal  near  Lemonl,  Illinois. 


Oct.,  1907.  New  Crinoids  —  Slocom.  303 

Previous  to  the  present  publication  there  have  been  described 
from  the  Chicago  Area  a  total  of  62  species  of  crinoids  divided  among 
26  genera.  A  complete  list  of  the^e  was  given  by  Weller  in  1900.* 
Two  years  later  Weller  obtained  a  specimen  which  showed  that 
Cyathocriniis  cora  Hall  and  Crotalocrinus  americanus  Weller  were  one 
and  should  be  known  as  Crotalocrinus  cora  Hall,  f  thus  making  the 
number  of  species  61.  The  species  obtained  by  the  present  writer 
increase  the  total  number  of  species  of  crinoids  known  from  the  Chicago 
Area  to  75  and  that  of  the  genera  to  30.  A  full  list  of  these  follows. 
In  addition  it  may  be  noted  that  several  specimens  which  were 
associated  with  those  here  described  and  which  are  evidently  new 
species  proved  too  fragmentary  for  description.  Should  better  speci- 
mens of  these  be  obtained,  three  or  more  new  species  and  at  least  one 
new  genus  may  be  added  to  the.  list. 

*  Bull.  4,  Nat.  Hist.  Surv.,  Chicago  Acad.  Sci.,  Pt.  I. 
t  Jour.  Geol.,  Vol.  X,  pp.  532-4. 
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Exw-ANATioN  OF  Plate  LXXXIV. 

A.  Miller,  page  i 


Pis. 


Posterior  and  basal  v 
Lateral  and  basal  vie 


3  of  the  l>'pe  sperimen.  (after  ^tiIle^). 
of  a  natural  moid  with  natural  cast  in 


Figs.  , 
position.     X  ■2. 

PisocBiNua  QUiNouBi^Bus  Bather,  page  iSo. 
Fig.   5.     Basal  view  of  a  specimen  from  Tennessee  (after  S.  A,  Miller).      Xi. 
Figs.  6,  7.     Posterior  and  ventral  vicn-s  of  a  specimen  from  Romeo.  Illinois. 

PisocRi.vus  BENBDiCTi,  S.  A.  MiUer,  page  J79. 
Fig.  8,     Lateral  view  of  a  rubber  impression  of  a  natural  mold,  Xa. 

a  rubber  impression  of  another  natural  mold. 


Basal  and  lateral  v 


f  a  natural  mold  with  the  natura] 


StBPBA  hoc  RIMUS 

13.     Posterior  and  basal  views  of  the  type  specimen      Xa 
IIoMocRiMUS  cvi.i\-[iHicus  Hal!,  page  21)1. 
Lateral  view  of  a  ruliber  impression  of  the  natural  moW. 
Posterior  view  of  the  natural  cast  of  the  same  indiviiUial. 

Stephanocrin'ls  sKCtFi  sp.  iiov.  page  ;Sj. 


Figs.   16,  17.      Lateral  and  ventr 
natural  mold  of  the  type  specimen. 

Figs.  iS-20.     Lateral,  1 
the  same  individual. 
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ExpuuiATW*  OF  Pi>Te  LXXXV. 

AcBRAtlOCtllNUS  PATVLDSlp.  IIOV..  page  2SS. 

1-4.     Posterior,  lateral,  basal  aod  ^-entral  views  oi  ibe  I 
X»- 

Achkaddcbinvs  tentrosl's  Sdtultie.  page  iSS. 
Pigs.   $-8.     Posterior,    lateral,    basal    and   ventral  views  o(   the  genotype 
from  the  Devonian  of    EHet.  Gemwny  Xafter  Sdiultie),  reduced  one-half   for 
comparison  with  above. 

I  HoMOCKiNirs  AxcttJ-A  HaO.  page  189. 

Fig.  9.     Lateral  view  of  a  plaster  impresdoa  of  a  nattiral  mold-     X  i. 

Pigs.  10.  II.     Posterior  and  anterior  views  of  a  natural  cast  of  the   same 
I  mdividual.      Xi. 


rigs.  I 


ZoraocKixus  cnttPORiiis  sp.  aov..  page  iS;. 
Posterior,  lateiaJ  and  basal  vietrs  of  the  tjpe  ^lecimeti. 


ZoPHocMKUs  CLOBOsvs  sp.  nov..  page  aSj. 
Fig.    15.     Lateral  view  of  a  rubber  impression  of  :he  natural  mold  of  the 

pe  specimen.      :■; ;. 
Fig.   16.      Lateral  view  of  the  natural  cast  of  the  same  individual.      X  jr. 
Fig.    17.     Outline  phoiving  size  and  position  of  the  natural  cast   and  mold. 


Fig.. 


Basal  and  lateral  views  of  another  n 


:ur3l  c: 


1  nvs.*NOCH[Ms  C.»MP.»MLATVS  Sp.  nov.,  page  .■.,.^ 
Flks.  20.  21.     Lateral   and   posterior   views   of    a   composition    impression 
of  the  natural  mold  of  the  type  specimen.     Somewhat  restored  at  the  base,     x  i- 
Figs.    12,  2j,      Posterior  and  basal  views  of  the  natural  cast,  same  indi\-idual. 
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Platycri; 
6.     Lateml  and  basal  view- 
moldfntithe  type  specimen,     Xi. 
Fii;.   7.      Lateral  view  of  tlie  n; 
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